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FiKuro I-K Model 1410A Sampling Vortical Ainpliner 
Table l-K Specifications 



MODE OF OPERATIONt ' " 

I* Channel A only* 

2. Channel B only* 

3* Channel A and Channel B* ' 

4* Channel A and Channel B added algebraically* 
5* Channel A vs* Channel B* ‘ 

POLARliyt Either channel may be displayed either 
positive or negative up in any mode* ' 

RISE TIMEt Less than 350 ps* , / I 

BANDWlDTHt DC to I GHz* 1 

OVERSHOOTt Leas than 5%* » ^ 



SENSlTlVlTYt Calibrated ranges from I inv/cm 
to 200 niv/cm in a I, 2, 5 sequence* Vernier 
control provides continuous adjustment between 
ranges and Increases maximum sensitivity to 
greater than 0* 4 mv/cm* 



ATTENUATOR ACCURACYt *3‘T, t5% SMOOTHED 



ISOLATION BETWEEN CHANNELS: Greater than 
40 db to I GHz* 



INPUT IMPEDANCE: 

Probes: lOOk ohms shunted by 2 pL nominal* 

GR Type 874 Inputs: 50 ohms ^ 2 ^ 1 ' with 60ns in- 
, ternal delay lines for viewing leading edge of 
fast rf^e signals* Reflection from input con- 
nector is approx* lO'r, using a 150 ps TDR 
system* 



NOjSE: (With sampling effeciency set to re- 
cord amplitude set for 100 mv/cm, swoop set to 
10 psec/cm and Input terminated tn 50 ohms)! 
Less than 8 mv amplitude from Y recorder out- 
putasmeasuredonatrueRMSMctor, from 5 mv/ 
cmto200 mv/cm* (Corresponds to approximately 
I mv observed noise omCRT excluding lO^ of 
random dots* Noise decreases, on automatically 
smoothed ranges 2 and 1 mv/cm* ' Smoothed posi- 

^ tion of smoothing, switch reduces noise and jitter 
approximai!cly4: 1* Vennier control provides con- 
tinuous adjustment between the normal and 
smoothed modes* 

DYNAMIC * RANGE: t2v pk-pk. ^ , 

DRIFT: Lpss tliiin 3 niv/hr after warm-up* 

MAXIMUM SAFE INPUT: 

) ^ 

Probes: t50 voUs. 

50 ohm Inputs: .15 volts. 

TRIGGERING: Internal or e.xlernal when uslnj; 
fO ohnf inputs. 

Internal triggering selectable IromCIwnnel A or ii. 

External triggering necessary when using probes. 

TIME DIFFERENCE BeWeEN CHANNELS (for 
probes or 50 ohm inputs|: Less th,an lOOps. 

'RECORDER OUTPUTS: Front panel outputs provide 
0.1 v/cm from a 500 ohm source. Gain adjustable 
from .approximately 0.05 v/cm to 0.2 v 'cm. DC 
level adjustable from appro.x, -1.5 v to +0.5 v. 

WEIGHT: Net 10 lbs (4,5 kg). Shipping 15 lbs 

(6, 8 kg). 
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Model UlOA 



Sci’lUm I 
Paranriiplus l-I to l-ll 



SECTION I 

GENERAL INFORMATIOhl 



1-1. SCOPE Of MANUAL. 

1-2. This manual provides Infornjatlon for oporatlnt? 
and servicing the hp Model 1410A Sampling Vortical 
Amplifier. This manual supplements the Information 
presented In the Model 1 40Serlcs Oscilloscope manuals. 
For Information on other plug-ln units, refer to the 
; manual for tiuit particular unit. Specifications for 
the Model 1410A are listed In Table 1-1. ' 

1-3. DESCRIPTION. ^ 

1-4. The Model I410A Sampling Vertical Amplifier 
(Figure l-l) Is .\twochannelvorllcalplug-ln designed ■ 
for use with the Model 140 Series Oscilloscope and a 
sampling time base plug-ln. TheModel 1410A utilizes 
the sampling technique; that Is, the amplifier samples 
the’amplltude of the Input signal at various times In- 
, stead of continuously monitoring the signal as lii con- 
, ventlonal amplifiers. The Model 14I0A permits 
observation of: two signals simultaneously, the alge- 
braic sum or, dlfferehcc of two slgnhls or an X-V 
axis presentation. Each channel has a bandwidth of 
apprpxlmat’ely 1 GHz and a rise time of less than 350 
picoseconds. \ ^ 

1-5.) Either channel may bo displayed asi positive or 
ncgatlvc-up' In any mode. Eight calibrated ranges of 
vertical, sensitivity are provided, ranglng|from 1 mv/ 



cm to 200 mv 'cmlna I, 2, and 5. sequence. A vernier 
control provides continuous adjustment between ranges 
aiutlncrcases maximum sensitivity to gro.itorllnm 0. 4 
mv/cm. A normal-smoothed switch reduces noise 
and jitter oil the signal (In smoolhedposltlon) by about 
4:1. The signal Is automaftcally smoothed on the I 
and 2 MILLIVOLTS 'CM, rimge. , 

1-6. Front panel recorder outputs with t)olh ampli- 
tude and dc level controls are provided. Rise time 
|Tf{) and sampling effeclency (SMOOTHING) controls 
are located ont'he front panel for optimum comiiromise 
between rise tltpe,, overshoot, and noise, 

1-7. Intcrnalidclay lines provide convenient internal 
triggering when using the 50 ohm Inputs. Triggering 
Is selectable fl-om cither channel A or channel R. 

1-8. HORIZONTAL ;PLUG-IN 
COMPATIBILITY. 

1-0. The Model 14I0A can be used only wltli a 
sampling time base plug-ln.; At present, two horizontal 
units are avaliable: the hp , Model 1424A and Model 
1425A. ^ 

1-10. FURNISHED ACCESSORIES. 

l-ll. The accessories furnished with the Mode! 1410A 
are described briefly In Table 1-2. The.se accessories 



Table 1-2. Furtiished Accesprles, 01410-64501 Accessory Kit 



hp Model No. 


Name 


Quantity 


102 14 A 


10:1 Divider 

i 


2 


102 16A 

i 


Isolator 


r ^ '■ 
1 ■ 


102 17A 

• ] 


Dtocking 

Capacitor 




102 18A 


BNC Adapter ' 


2 


102 19A 


GR Adapter 




' 10220A 


Microdot 

Adapter 


2 


10221A 


50 ohm 
T Connector 


1 


10213-62102 


Ground Clip 


6 


5020-0457 


Probe Tip 


6 


5020-0503 

1 '■ ■ ■ 
1 


Probe Adj Tool 


1 


9211-1013 


Accessory Box 


1 



‘ Purpose 



Decreases Input sensitivity of Model 187C l»y a 
factor of ten. (Minimum sensitivity with divider 
Is 20 volts pk-pk. ) ' 



Reducesvertlcal shift of trace base line when probei 
Is moved to test point of different Impedance. 



PormltB comicctioa of Model 187C Pruhelodc volt* 
levels of i 100^ volts without damage to probe* 



Permits connection of probe to female BNC 
connector* , 



Permits connection of probe to Type 874 Coaxial 
Connector (munufaclurcd by General Radio Co*). 



Permits connection jf probe to Microdot connector 
{manufactured by Microdot Inc* ). 



Permits monitoring of signals in SOohiu transmission 
lines without terminating the line or disturbing the 
signal* ' 



Attaches to probe for grounding purposes. 



Spare probe tips. , 



Used to optimize overshoot and rise time of the hp 
Model 102 HA 10:1 Divider* 



Provides storage space for all furnished accessories. 










































SiictJon I I 

P:irt>:':ni|)lisil-12 lo I-IS & Flmuro 2-1. 

; , 1 ; ' . i 

liJcion.se the test coiiipjUlhUUles of the SniopUutt 
Vcr(icul AnipHflor. A more complete ciescrlptfon of 
the furulsliecl ticcessorles is rIvcii Id Paragraphs 
throunh 3-47. For Inforjiiatloij on other accessorle» 
for uhe wlth'tlte Model UlOA refer toa Hewlett-Pjickard 
Company Catalog or contact the ncare.st Hewloti- 
Packhrd FijCldOfflce (sec rear of manual for addrosse.s). 



•,1-12.’ AVAILABIE ACCESSORIES. 

’ ' i 

I 

i-13, oiher accessories available for the Model 1410A 
are the Model 10203A 100:1 Divider and Model KOl- 
10203A Divider Adapter. The 100:1 Divider may 
used to reduce sipnal levclsasliljth as 200 volts down 
to' the 2 volts dynamic raiiite of the Model 1410A. 
ThcDlvlderAdiptbr adapts the 100:1 Divider to the 



Model 1410A 



Model 1410A probe. Contact your nearest hp Sates ' 
Service Office for further information on these 
accessories, 

1-14. MANUAL IDENTIFICATION 
AND CHANGES. 

1-16, Information In the manual applies directly to 
Model 1410A In.struments with serial prefixes 743-. 
The serial prefix Is the first three dibits of the oIkIjI 
dlKlt serial number (0£0-00000) used to Identify each 
hp Instrument, If the serial prefix Is not 743-, a 
change sheet supplied with the manual will define the 
difference between the Model UlOA and the one des- 
cribed In the manual. Corrections to a manual duo 
to errors that existed when It was printed are called 
Errata and will appear only on a change sheet (If any). 
For Information portalnlnn to change sheets, contact 
your nearest Hewlett -Rickard Sales/Servlce Office. 




Figure 2-1. Procedure for locking plug-ins together 
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Section II 
Pai*a(tr!ij>lis 2-1 to 2-11 



I 



SECTION II 
INSTALLATION 



2-1. INITIAL INSPECTION. 

2-2. MECHANICAL CHECK. Inspect the Model 
HVOA upon receipt for aity dtmnne which may Ijave 
occurred in transit. Check fpr external thmaKc sucit 
as broken knobs, bent or broken crtnncctors, anddenUs 
or scratches on the panel surface. Ifdama'tetsfouiul. 
refer to Paratiraph 2-7 for recommended claim pro- 
cedure. Retain packbi!,^ material fo“ possible future 
use. 

2-3. ELECTRICAL CHECK. Check the electrical 
peiTormanco of tlie Model 1410A a.s soon as possible 
after roceiptt see Parai>raph 5-3 for rectnmnended 
performance checks. These cliecks, wlienperformed. 
verify Hiat the Model 1410A Is dperatlnp: wllliln Its 
specifications listed In Tal)le l-l. The performance 
checks are i;oodtcsl procedure.^ for Incomlm' quality- 
control Inspection. Initial performance and accuracy 
of the Instrument arc certified as stated on the inside 
front cover of this manual. If the Model 1410Adoc.s 
not operate as specified, refer to Paranraitlt 2-7 for 
claim procedure. ^ 

2-4. PREPARATION FOR USE. 

^2-5. The Model 1410A Sampllni!; Vortical Amplifier 
must first l» locked to the sam|)llnK time base unit. 
To fasten the two units tO[{etlier place the time base 
unit abovf? the Model 1410A and wllli a slli;hl twisting 
action fasten llie two rear interlocks together (see 
Figure 2-1. Item 1). Press the time base down, being 
careful to properly align tlie jack and plug (Item 2). 
The two guide pins at the front of the Model 1410A 
(item 3) should male wlthllieir ro.spectlve guide holes 
InThe time Ixise (item 4) and snap together. 

2-6. To Install the horizontal 'vertical combination in 
the oscllhiscope, first remove the dividing slileld be- 
tween tlie upper and lower compartments by pulling It 
straight out. Next. pulL the locking lever outwards 
(Item 5). andslldethccombinatlonlnto theosclHoscojic. 
Pressing the locking lever Inwards will now secure 
the two units to tlie oscllloseopc. 

Nolo 

The deflection plate sensitivity of CRTs 
will differ slightly from one oscilloscope 
to another. For this reason, when the 
Model 1410A Is installed In an oscilloscope 
for the first time, or when changed from 
one oscilloscope to another, the VERT 
cAl adjustment MUST be performed. This 
calibrates the amplifier gain to the deflec- 
tion sensitivity of that particular oscillo- 
scope. (See Figure 3-5 for procedure. ) 



2-7. CLAIMS. 

2-8. The warranty statement applicable toall Hewlett- 
Packard Company Instruments and products is pro- 
vided Inslde.thc front cover of this manual. If physical 
damage is found or If operation Is not as .sjieclfied 
wlien tlie Instrument is first received, notify the carrier 
and the nearest Hewlett - Packard fc’ales ^Urrvlce Office 
immediately ('••ee list in back of manual for addresses). 
The Sales.'Servlce Office will arrange for repair or 
replacement without waiting for settlement of the 
claim wltli the carrier, i 

2-9. REPACKAGING FOR SHIPMENT. 

2-10. If the Model 1410Als to he shipped to a Hewlett- 
Packard Sales Service Office for service or repair, 
attach a tag showing owner (wUhaddress), inslrumobt 
model number, full serial number of tlie liustrument 
(all eight digits) and description of the service or 
repair required. 

2-11. The original shipping carton and packaging 
material, with tlie e.xceptlon of accordion-ploatedpads, 
may be reusable. If inuLimaged, The Sales 'Service 
Office will jirovlde information t nd rccommciulitlons 
on materials to be used If tlie jrlginal packaging ma- 
teria), is not available. Materials used for shipping 
an Instrument should Include the following: 

a. A double-walled carton, see Table 2-1 for test 
strength required. 



Table 2-1. Shipping Carton Test Strengths 



Gross Weight (lbs) 


Carton Strcngtii (test lbs) 


up to 10 


200 


10 to 30 


275 


30 to 120 


350 


120 to 140 


500 


140 to ICO 


600 



I), Heavy paper or sheets of cardboard to protect 
all Instrument surfaces: luse a nonabrasive material 
such as polyuretlume or cusliloncd paper such as 
Klmpak around all projecting parts, 

c. At least 4 Inches of tlglitly-packecL Industry 
approved shock-absorbing material such as extra firm 
polyurethane foam. 

d. Heavy-duty shlpiiing tape for securing outside 
of carton. 
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Section II ‘ - Model 1410A 

Figure 3-1 > 



1. AdjustsAMPLlTUDEof X and Y RECORD outputs* 

2. / djusts DC LEVEL of X and Y RECORD outputs. 

3. BNC connector for X and Y RECORD outputs. 

4. Changes vertical deflection factor in calibrated 
ranges of MILLIVOLTS/CM- 

5. Changes defltction factor between calibrated 
ranges. Detent position (CAL) provides cali- 
brated display. 

6. Adjusts gain of Channel A. 

7. Channel A probe cable. 

8. Channel A probe receptacle, used when triggering 
the time base plug-in from signal source. Also 
provides convenient storage for probe when not 
in use. 

9. Signal INPUT connector, when triggering time 
base from signal source. 



10. Adjusts over-allsamplingcfficiencyof Channel A. 

11. Adjusts rise time to compensate for ambient 
temperature extremes. 

12. Secures the horizontal/vertical combination to 
the oscilloscope. 

13. Selects normal or smoothed response to reduce 
effect of noise or jUler. 

14. Adjusts vertical position of signal or UiseHne. 

15. Invert; polarity of signal presentation. 

16. Selects one of five modes of presentatijii. 

17. Calibrates gain of main vertical amplifier to 
deflection plate sensitivity of CRT, 

18. Selects the trigger source (A or D) used to 
trigger the time Inse plug-in. 



f 

Figure 3-1. Controls and Connectors 
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Section III 
Pavagraphs 3-1 to 3 t20 



SECTION III 
OPERATION 



3-1. INTRODUCTION. 

3-2, This section Includes explanation of instrument 
controls, front panel adjustnients, ayallahle modes of 
operation, operatlngconsidcratlons regarding smooth- 
ing and rise time and step-by-step operating instruc- 
tions. Since tlie Model 1410A and sampling time base 
are closely interdependent upon each other to achieve 
high-frequency sampling, the instructions presented 
in this section are supplemented by those given in the 
sampling time base manual. 

3-3. FRONT PANEL FAMILIARIZATION. 

3-4. The controls of the Model 1410A are described 
by function In Figure 3-1. Only Channel A controls 
and controls common to both channels arc described. 
Channel D controls perform the same function as the 
corresponding controls in Channel A, Additional in- 
formation on some of tlie controls is given In Para- 
graphs 3-5 through 3-17. 

3-5. NOUM-SMOOTHED. Normal response is used 
when viewing detailed waveforms and fast rise pulses. 
SMOOTHED response provides filtering of the input 
signal, thus reducing noise and jitter on the observed 
waveform. In the two higlicst vertical sensitivity 
ranges (I and 2 mv/cm), response is automatically 
smoothed. When using these two highest ranges, the 
NOUM-iSMOOTIlED switched should be In NORM posi- 
tion. 

3-6. SMOOTHING ADJUST — Tj^CAL, The 

SMOOTHING control adjusts the over-all sampling 
efficiency by controlling gain of the sampling loop. 
Tj^ CAL adjusts rise time of the instrument to com- 
pensate for extreme ambient temperature changes. 
Proper setting of these two controls is necessary to 
obtain accurate displ.ays. Paragraphs 3-22 through 
3-30 explain the procedures for making these adjust- 
ments. 

3-7. VERT POS. This control changes the vertical 
position of the base line on the CRT graticule. 

3-8. +UP. -UP, When this switch is in the fUP; 
positive-going signals are presented in a posltlve-up 
direction on the CRT. In -UP position, negative-going 
signals are presented in a posltlve-up direction. 

3-9. MODE SELECTOR. The position of this switch 
determines which channel or combination of channels 
is displayed on the CRT. Five displays are available: 
A, A+D, A&B, B and A vs B. Refer to Paragraph 
3-34 for detailed application of each of the.se modes. 

3-10. VERT CAL. This adju.stmont calibrates ver- 
tical sensitivity of the main vertical amplifier stage, 

I common to both A and B channels. This adjustment 
should be checked when the Model 1410A Is installed 
in the osclilbscope for the first time or when the in- 
strument is changed fromone oscilloscope toanother. 
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3-11, TRIGGER A-B. This switch selects the slgn^ll 

source (Aor B) used to trigger the horizontal plug- 
in (when using 50 R input only). 

3-12. INPUT. A GR type connector, used for sig- 
n.al Inputs when internal triggering of the time base 
plug-in is desired. Input impedance is 50 ohms and 
the input connector is a General Radio type 874. Do 
not apply signals of more than 5 volts to this input. 

3-13. A PROBE RECEPTACLE. The 50ohm INPUT 
routes the incoming signal througli a 60 nanosecond 
delay line, then sends the signal to the A PROBE 
receptacle. Here It Is sampled by the Channel A 
probe. This lime delay is necessary to compensate 
for an Inherent time delay in the sampling system. 

3-14. MILLIVOLTS/CM, This control selects the 
deslreddeflectlon factor. Smoothed response is .auto- 
matically Inserted on the two highest ranges (1 or 2 
MILLIVOLTS/CM). The VERNIER control provides 
continuous adjustment between ranges. With the 
VERNIER set fully clockwise and sensitivity set to 1 
MILLIVOLT/CM, the deflection factor is extended to 
at least 0.4 mllllvolts/cm. Detent position (CAL) 
gives a calibrated display. 

3-15. RECORD AMPLITUDE. These controls ad- 
just output amplitude of the X and Y recorder outputs. 

3-16. DC LEVEL. These controlsadjust the dc level 

of the X and Y recorder outputs. 

3-17, CAL ADJ. Tliese adjustments control gain of 

Channels A and B, 

3-18. INPUT PROBES. 

3-19. Inprt signals are applied to eachchannel through 
a small diameter probe permanently attached to the 
instrument by a cable. The probes have a colored 
identification band around their body. Channel A has 
a red band and Channel B pr jbehas a blue band. Sig- 
nals up to 2 vpk-pkean be applied wlthoutoverloading 
the probes, regardless of MILLIVOLTS/CM setthig. 

3-20, An especially useful characteristic of the sam- 
pling system is that it does not suffer thclarge slgn:il 
overloadprobleij'that is characteristic of conventional 
oscilloscopes. As a result, the s.impllng oscilloscope 
can display small-ampl Itude phenomena existing along 
the top or bottom of large signals, as illustrated in 
Figure 3-2. Here the uppertrace showsa pulse dis- 
played by one channel of the instrument using minimum 
sensitivity (200 mv/cm). The tower trace shows the 
detail on the top of the same pulse, displayed by the 
second channeljUSing 20 times as much sensitivity (10 
mv/cm). Ringing and overshoot on the large pulse 
can thus be e.xamlned in detail. As long as the noise, 
etc., at the top of the pulse does not exceed the i2 
volt dynamic range of the sampling gate, the presen- 
tation is valid. If a probe is overloaded, a 10 micro- 
second delay is required prior to application of the 
waveform to be viewed. Without the 10 microsecond 
, 3-1 
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Figure 3-2. Non-overload Characteristics 



delay, an overloaded probe will cause distortion of the 
incoming signal. 

3-21. Interference to tnicc positioning and instrument 
response, and interaction between channels can result 
if both probe tipsare connected to the same test point. 
To avoid these undesirable effects and to provide suf- 
ficient .solation between channels use the hp Mo<lol 
102 16A Isolator. 

3-22. SAMPLING EFFICIENCY. 

3-23. DEFINITION. 

3-24. Samplingeffictency (response) of the Model I410A 
is a measure of its ability to follow any change of input 
signal level from sample to sample. Response is op- 
timum when (within the rise tinjc limitations of the 
instrument) the vertical position of each sample corre- 
sponds exactly to the amplitude of the input signal at 
the time of the sample. If response is low, more than 
one sample is required to respond to a. change. If re- 
sponse is tno.high, there will be sample- to- sample 
overshoot ami ringing, > 

3-25. Sampling efficiency is dependent upon three fac- 
tors: 1), the RC time constantof the sampling capa- 
citance, and the signal source and sampling diode 
impedances; 2), length of time the sampling gate is 
"on" and 3), loop gain of the samptcr/strctchcr loop. 
The samjiling time and RC time constant are fixed. 
However, since signal source impedance will vaiy as 
the probe is movedfrom one testpoint to another, the 
samplingeffictency will also vary. Uy making the loop 
gain variable (SMOOTHING ADJUST), the sampling 
efficiency can be quickly and conveniently optimized at 
any time. Figure 3-3 shows the procedure for optimiz- 
ing the response. 

3-26. The Model 14 lOA provides two types of response 
(sampling efficiency), normal and smoothed. Either 
type can be selected by the front panel NORM- 
SMOOTHED switch. Normal response is intended for 
use when viewing detailed waveforms and fast rise pul- 
ses. Smoothed response provides filtering of the input 
signal and reduces the effects of noise and Jitter by 
about 4:1 compared to the effects seen on normal re- 
sponse. Use smoothed response when noise and jitter 

3-2 



present In a signal are not desired In tlie observed 
waveform. 

3-27. In addition to the .smoothed operation selected 
by tin?, switch, the input signal isautomatlcally smooth- 
ed when the MIl,LIVOLTS/CM switch is set to eiUmr 
of its two highest sensitivity ranges (1 or 2 mv/cm). 
The automatic smoothing is progressive, being greater 
on the 1 mv/cm range. 



Note 

When using the 2 or 1 MILLIVOLTS/CM 
ranges, the NORM-SMOOTHED switch 
should always bo in the NORM position. 

3-28. OPTIMIZING SAMPLING EFFICIENCY. 

3-20. Rise time (Tj^ CAL) of the M«Klel HlOAis origi- 
nally set for less than 350 psec at an ambient temper- 
aturcof25X (77“F) and under normal circumstances 
should not require readjustment. However, ittheam- 
blent temperature exceeds 40 C (I04‘ F), sampling 
efficiency decreases and rise time becomes faster. 

If the ambient temperature falls Ijelow 15 ' C (59‘ F), 
sampling efficiency increases and rise time becomes 
slower. If the system is operated at either tempera- 
ture extreme, rise time and sampling efficiency should 
be reset as outlined in Paragraph 3-30, 

3-30, To re.set rise time and sampling efficiency to 
correct for temperature extremes, proceedas follows : 

a. Turn sy.stem ’'on’*andallow at leastone hour for 
instruments to reach ambient temperature. 

I). Using a fast rise tltne pulse generator such as 
the hp Model 1105A M lOGA anda Model l0221A50ohm 
tee, adjust T.. CAL tor a ri.se time of k 320 psec 
(probe only). "To prevent random triggering, it may 
be necessary to isolate the i)robo from tlie pulse 
generator with an air line (approximately 40 cm). 

Note 

If the j)ulse generator signal Is connected to 
the INPUT connector and routed througlj the 
delay line, rise time will be somewhat slosver 
(2:350 psec). Air line isolation is notneco.ssary. 

c. Re.set sampling efficiency with the SMCXDTHING 
AD.FUST (see Figure 3-3). 

3-31. TRIGGERING FROM SIGNAL 
SOURCE. 

3-32. A time delay exists between the time that (he 
sync circuit in the horizontal plug- in is triggered, and 
the time that tlie sample is taken with tlie Model 1410A. 
Therefore, when triggering the time base from the 
signal source, connect the signal to the A orD INPUT 
connector and Insert the probe into the receptacle. 
This allows the incoming signal to be amplified and 
sent directly to the time base for triggering purposes 
but delayed 60 nanoseconds before being sampled by 
the probe. This delay action permits observation of 
the leading edge of the ’'first" pulse. 

3-33. The delay lines and sync amplifiers are complete- 
ly independent of (heChanncl Aand Bamplifier circuits, 
therefore, the signal can be connecledto the B INPUT 
and observed with the Channel A probe or vice-versa 

02596-2 




Model HlOA 



Section III 
Paraijraphs 3-34 to 3-37 



6 5 I 




i 2 4 



1. Select channel to be adjusted. 

2. Connect appropriate probe to signal test point. 

Signal should produce a level difference of ap- 
proximately 5 cm between beginning and end of 
display on any range except 2 or 1 mv/cm. 

3. Adjust horizontal plug-in to obtain presenta- 

tion Adjust SCAN DENSITY for. minimum 
density. ^ 

4. Adjust MILLIVOLTS/CM for display 5 to 6 
cm high. 

5. Set SMOOTHING switch to NORM. 

6. Adjust SMOOTHING ADJUST so that second 
sample is part of waveform ns shown in wave- 
form a. Waveform b indicates response adjusted 
too high; waveform c Indicates response adjusted 
too low. 
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(o) OPTIMUM RESPONSE 
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(b) HIGH RESPONSE 
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(c) LOW RESPONSE 



Figure 3-3. Optimizing Response 



if so desired! Sot the TRIGGER selector switch to 
correspond to the appropriate delay line being used. 
Set the mode selector switch to correspond to the ap- 
propriate probe being used, 

3-34. MODES OF OPERATION. 

3-35. DUAL TRACE OPERATION. Dual trace oper- 
ation permits time andamplitude comparisons between 
Channel A and Channel B signals. Botl» channels sam- 
ple at the same time and the two channels arc alter- 
nately displayed on the CRT. Since the two channels 
are independent, they can bo operated at different 
sensitivities without loss of calibration andUius, largo 
signals can bo compared to small one.s, within the cross- 
talk specifications of the instrument. Dual trace op- 
eration is selected with the mo<ic selector switch in 
the A & D position. The polarity switch makes possi- 
ble a (f)A & (f)B. (-)A & (-)B. (*)A & {-)B or {-)A & 
(.)-)B display. 
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3-36. ALGERDRAIC ADDITION AND DIFFERENTIAL 
OPERATION. In the A Position, Cluinnel A and 
Channel B signals are algebraically added. If both 
polarity switches are in the same relative position 
(both^UP orboth-UP) the dlsphiyed slgnalwlll rep- 
resent Uic algebraic sum of the two Inputs [e. g. (OA 
> (+)B or (-)A ♦ (-)b] If the polarity switches are In 
dissimilar positions (one -UP and one ►UP), the dis- 
played signal will rej)roscnt the algebraic sum of the 
two inputs [e. g, (+)A f (-)Bor (-)A + (+)b], resulting 
in differential operation. 

3-37. X-Y OPERATION, The A vs Bmodo provides 
an X-Ydlsplay. Channel A signals are amplified and 
sent to the vertical deflection plates in the usual man- 
ner as a Y-axis display. Channel Bsigiuals, however, 
are amplified, /hen routed to the horizontal amplifier 
in the time base plug-in and presented on the CRT as 
an X-;lxIs display. Since both polarity switches re- 
matnoperatlve in this mode, ft is possible to present 
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r 

a (-)X vs (+)Y, (-)X VB {-)Y» (+)Xvs(-)Yora (+)X vs 
(+)Y display, , 

3-38. SINGLE CHANNEL OPERATION. Dy selecting 
cither A or B position of the mode selector switch, 
single channel operation is obtained. The respective 
polarity switches enable the signal to be observed as 
a(+)A, (-)A, (+)Bor(-)B. 

3-39. USE OF ACCESSORIES. 

3-40. MODEL I0214A, 10:1 DIVIDER. The 10:1 

Divider decreases the input sensitivity of the Model 
14 lOA by a factor of 10, thus permitting measurement 
of signals as great as 20 volts pcak-to-peak. Input 
impedance of the probe-divider combination is 1 meg- 
ohm shunted by 2. 5 picofanids. 

3-41. MODEL 102 16A ISOLATOR. The Isolator 
effectively eliminates vertical changes in sampling 
efficiency, caused by source impedance changes as 
the probe- isolator combination is moved from one test 
point to another. When the isolator is used, the rise 
time of the Model HlOAisincrcascdtoapproximately i 
0. 7 nsec and Input capacitance increases by no more 
than 3 picofarads. 

I 

3-42. MODEL 10217A BLOCKINC CAPACITOR. The 
Blocking Capacitor allows measurement of signals 
that are i60v from ground. Capacitance is .001 ;if. * 
The blocking capacitor contributes only 1*^ sag to a 1 
psec pulse when used with the probe alone. Sag to 
a 1 psec pulse is 0. l^ when Uie 10:1 Divider is used. ) 
The blocking capacitor may also be used with the 
probe-isolator combination, increasing input capaci- 
tance by no more than 3. 5 picofarads. 



Model 14 lOA 

■ I 

3-43. MODEL 1021BA PNC ADAPTER. This adapter 
allows connection of the probe to a male DNC connec- 
tor, 

3-44, MODEL 102 19A GR ADAPTER. This adapter 
permits connection of the probe to a GR Type 874 
Coaxial Connector ( manufactured by General R.adio 
Cominny). 

3-45. MODEL 10220A MICRODOT SCREW-ON ADAP- 
TER and 10223A MICRODOT SLIDE-ON ADAPTER. 
These adapters allow easy connection of the coaxial 
connectors and a Iso provide a solid-ground reference. 

3-46. MODEL 1022 lA 50 OHM T CONNECTOR. The 
T connector permits monitoring of signals in 50 ohm 
transmission lines without terminating the line or dis- 
turbing the signal. 

3-47. PROBE ADI TOOL. This tool is used for ad- 
justingovcrshootandrlsctime of the hp Model 10214A 
10: 1 Divider (see Section V for adj procedure), 

3-48. OPERATING PROCEDURES. 

3“49» Front panel adjustment procedure Is given In 
Figure 3-4. Normally, whonchanglngtheplug-ln from 
one oscilloscope toanothor, or when Installing for the 
first time, only the VERT CAL chock should have to 
be made. 

3-50. Common operating setups and slop-by-step pro- 
cedures for control setting are given In Figure 3-5 
and 3-6. Each figure Includes a front panel Illustra- 
tion of the Model 140A, the Model I410A and the Model 
1425A Time Base and Delay Generator. Where a con- 
trol or connector Is used In a procedural step of the 
Instruction, the step number is called out from Us 
corresponding control. 
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CAL ADJ AND VERT CAL 

1. Set mode selector to A and B. > 

2. Set both MILUVOLTS/CM to 100 and both VERNIERS to 
CAL. 

3. Mechanically center VERT CAL adjustment. 

4. Set both NORM -SMOOTHED switches to NORM. 

5. Set TIME/Cf' to lOOfxSBC/CM and sweep mode to FREE- 
RUN. 

6. Connect both Channel A and B probes to the Iv CALIBRA- 

' TOR output on the Model 140A front panel. Use of an alli- 

gator clip or banana jack may be helpful. 

7. Adjust necessary channel CALA.DI to make both channels 
have equal amplitude. 

' 8. Adjust VERT CAL for exactly, 10 cm of deflection. 

■ / Note 

I 

M enough range of VERT CAL cannot bo 
obtainedfor lOcni of deflection^ the two 
CAL ADJ can bo Increased or decreased 
accordingly to provide necessary range. 



j 



Figure 3-4. Cal Adj. & Vert Cal 
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SINGLE TRACE 

1. Set mode selector to A or D as desired, 

2. Connect appropriate probe to sii'iiul test point, U 
signal is greater tlian 2v pl<-pk, use an external 
attenuator. II it is desired to trigger the time 
base Internally, connect signal to appropriate 50 
ohm INPUT connector and insert probe into its 
receptacle. Set TRIGGER A-D to correspond to 
selected channel, 

rorrv-rTfrrryyj 

fCAUTIONj 

DO NOT CONNECT SIGNALS GREATER THAN 
±50 VOLTS TO PROBE, OR MORE THAN i5 
VOLTS TO THE 60 OHM INPUT OR DAMAGE 
TO THE INSTRUMENT MAY RESULT, 

3. Set MILLIVOLTS/CM and VERNIER as required. 

4. Set time base controls ns outlined In the time base 
operating and service manual, 

6. Optimize response as shown in Figure 3-3, 

6. Reduction of noise and jitter may be obtained by 
setting NORM-SMOOTHED to SMOOTHED. 

Note 

If the Tj^ CAL and/or SMOOTHING and/or 

VERT POS controls of the unused channel arc 
maladjusted, the Model 1410A nuiy have spur- 
^ ious oscillations tl)at will degrade the operation 
of the channel being used. 



Figure 3-5, Single 



DUAL TRACE 



A. Set mo<te selector to A & B. 

B. Connect probes to signal testpolnts or connect 
signals to Die 50 ohm INPUTS if internal trigger- 
ing Is desired. Observe maximum Input voltage 
limits. 

) • 

C. Set MILLIVOLTS/CM and (VERNIER controls as 
required, 

D. Set horizontal controlis as requlretl to obtain dis- 
play. 

E. OiJtimlze response as shown in Figure 3-3 for 
botl) channels. 

F. Two completely independent displays will be pre- 
sented, enabling amplitude and liiuq comparisons 
to be made. 



Trace and Dual Trace 
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ALGEBRAIC ADDITION 

1. Set mode selector to A & D. 

2. Connect probes to signal testpoints or 50 ohm 
INPUTS as outlined in Figure 3-6. 

I 4 ■ ■ 

3* Adjust both VERT POS controls to position base- 
lines on screen* 

4* Change mode selector to A f B* ' 

5* For a meaningful display^ set both MILLIVOLTS/ 
CM and VERNIER controls to tlie same settings^ 

6* OtUimize response for each channel as shown in 
Figure 3-3. 

7. Set both polarity switches to the same position 
(both +UP or both -UP). 

8* The resultant signal represents the algebraic sum 
of channel A and B signals [e.g. (+)A ^ (+)B or 
(-)A + (-)B] . 



DIFFERENTIAL OPERATION 

A. Perform steps 1 thru 6 of algebraic addition pro- 
cedure. 

B. Set one polarity switch to +UP and the other chan- 
nel polarity switch to -UP. 

C. The resultant signal will represent the algebraic 
difference between channel A and channel D sig- 
nals. [e.g. (t)A + (-)Bor (-)A + (+)B] 



Figure 3-6, Algebraic Addition & Differential Operation 
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Figure 4-L Sampling Techni(|ue 




Figure 4-2* Hasie Sampler 




Figure 4-3, B;isle Sai. pier with Verlieal Amplifier 
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PRINCIPLES OF OPERATION 



4-1. INTRODUCTION. 

This section provides circuit theory analysis of 
the Model 1410A Sampling Vertical Amplifier* Before 
covering the specific theory of the Model 1410A how- 
ever^ an explanation of sampling theory iu general 
will be presemted. 

4-3. GENERAL SAMPLING THEORY. 



is amplified sufficiently to drive the vertical deflection 
plates of the CRT* This new level is also fed back 
through a feedback attenuator^ represented as 

to the input capacitor* Gain of the ac amplifier, and 
feedback are designed so that the voltage fed back to 
the input capacitor will represent 100% of thcsampled 
signal leveh Thus, when the next sample is taken, 
only changes from the previous level will be detected* 



4-4* Sampling oscilloscopes differ from ^’convontlonar^ 
oscilloscopes in that instead of continuously monitoring 
the signal under test, the .sampling device '’samples’' 
the signal amplitude at regulated intervals and in this 
manner synthetically reproduces the sampled signal* 
These samples are presented on the CRT as a series 
of dots (see Figure 4-1)* 

4-5* Changing the Scan Density control of the sampling 
time base plug-in enables one to see a minimum of 
approximately 50 samples in 10 cm to a maximum of 
more than 1000 samples (dots) in 10 cm* When Scan 
Density Is at or near maximum setting, the series of 
dots^ will appear as a continuous line* ' 

4-6* VERTICAL SAMPLING* 

4-7* A basic sampling circuit is shown in Figure 4-2* 

It consists of a sampling switch, a series resistor, 
and a shunt capacitor to ground* At the Instant that 
the switch is closed, the capacitor begins to charge* 
However, since the swUch is closed for such a brief 
period, thecapacRor will charge to only a small per- 
centage of the actual signal amplitude (approximately 
5%)* 

4-8* Figure 4-3 shows a sampler circuit with a ver- 
tical amplifier and feedback circuit added. Sampling 
is accomplished by momentarily closing the sampling 
switch* Some voltage deter mined by the RC time con- 
stant of the input resistance and capacitance, is 
transferred to the input capacitor C^^* This voltage 

is amplified and sent to the stretcher* The stretcher 
gate is on at the same time that the sampling gate is 
on but remains on for a much longer period of time* 
As a result, the stretcher capacitor has time to charge 
to the full voUage output of the ac amplifiers* This 
voltage is applied to the vertical amplifier where it 



4.9* HORIZONTAL SAMPLING* 

4-10* The horizontal circuitry of a sampling oscillo- 
scope differs greatly from thatofa conventional oscil- 
loscope* The primary function of the sampling time 
base Is to generate a sampling command trigger for 
the vertical circuits and, to move the dots across the 
screen in uniform increments of time* Figure 4-4 
shows an entire sampling system* 

4-11* The horizontal scanner circuits consist of a 
sync circuit, time base, and horizontal amplifier* The 
sync circuit determines the sampling rate and estab- 
lishes a reference point from which the sampling 
command trigger is given* The function of the time 
base circuit Is to relay the sample command to the 
sampler and stretcher gates and "step” the dots across 
the CRT* The horizontal amplifier amplifies the hori- 
zontal deflection signal to sufficient amplitude to drive 
the horizontal deflection plates* 

4-12. A conventional time base produces a linear saw- 
tooth iiweep, to continuously move the beam horizon- 
tally across the CRT* The sampling time base also 
moves the beam across the screen, but not as a con- 
tinuous movement* It positions the beam horizontally 
when a sample is taken and holds the beam at this 
location until the next sample is taken* The beam Is 
then repositioned to \ poiiU slightly later In time on 
the CRT and remains here until the ne.xt sample* 

4-13* Figure 4-5 shows the^horizontal deflection signals 
for both a conventional and s.^npllng oscilloscope* 
The staircase ramp advances one ^step after ouch 
sample Is taken* 

4-14* When the staircase reaches a large enough level, 
to deflect the beam full screen, U Is automatically 
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reset (by dlBcharglng Ihc staircase vollago) to start 
the next sweep. The net result of sampling a high- 
frequency signal and plotting it vertically against a 
horizontal staircase ramp, results in a synthetic, 
reproduction of the original signal. 

4-15. FItLD-EFfECT TRANSISTORS. 

4-16, A relatively new component* the field-effect 
transistor (FET) Is used in the Model 1410A. 
characteristics of this device arc described in the 
following paragraphs. 

4-17. The FET combines some of the best properties 
of the vacuum tube with those of tlie transistor. Like 
a vacuum tube, It Is a voltage controlled device with 
a high Input Impedance. Like the transistor, ‘I*"**”" 
filaments or mlcrophonics, can operate at relatively 
low voltage and can bo constructed from either N or P 
type material. 

4-18. In its simplest form, the oi)erAtlon of an FET 
can be compared to a hand squeezlnp; a garden hose. 
The FET Is constructed (see Figure 4-6) by taking a 
bar (the hose) of silicon, doping it N(or P) and adding 
ohmic contacts. Next, a layer of P (or N) material 
(the hand) Is built Into the middle of the bar. When 
reverse-bias Is applied between the section of P(orN) 
type material (called the gate) and the bar, movement 
of the carriers In the bar can be controlled. 




4-19, Figure 4-7 shows the symbols for the two main 
types of field-effect transistors. Th.» galee-.n bc com- 
pared to the base of a transistor or control grid of a 
vacuum tube. The source Is equivalent to an emitter 
or cathode and the drain is similar to a collector or 
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nlate. Primary current flow Is from source to drain, 
or vice versa, depending upon type of material used. 
Dy controlling the potential placed on the gate, the 
current through the device can be varied. 



4-20. WImn the FET is used as an ampll/lpr (blgnsil 
annlled to gate, output from drain), a 180 phase in- 
version occurs. Whenusedasasourcefollowerfsame 

as cathode or emitter follower), no phase inversion 



4-21. MODEL 1410A OVER-ALL 
description. 

4-22. The primary function of the Model 1410A is to 
sample the signal under test and amplify the snnipU* 
to sufficient amplitude to drive the vert ca do lec ion 
plates of the CRT. Figure 4-8 shows tlje basic dr- 



4-23. The samnllng cycle Is initiated when the pulse 
renorator receives the sampling trigger from the 
horizontal plug-in. Tlie pulse generator, when trlg- 
iicred. produces the sampling command trigger, sent 
to both Channel A and D samplers; the stretcher pulse 
sent to Channel A and 13 sampling loop; and the stair- 
men trtiTitnr. sent to the liorizontal plug-ln. 



4-24. Contained within the sampler arc the sampling 
diodes, acting as a gnite. When the bamplcr receives 
the sampling command trigger from the pulse generator, ■ 
the diodes arc biased '•on’'aiullhe sampler' samples 
the signal level. This voltage level Is sent to the 
sampling loop circuitry where it is amplified andcon- 
verted to a differential signal. 



4-25. The differential vortical signal from Channel A, 
B or both Is sent to the nialn vertical amplifier ► Here 
the Blgnal(s) is amplified to sufficient level todrlve the 
vertical deflection plates of the CRT* In the Avs B 
mode, Clianncl B signals are routed to the horizontal 
amplifier in the horizontal plug-ln and presented as 
an X-axls display. , 



4-26, When the signal under test Is also used to trig- 
ger the horizontal plug-ln, the signal Is applied to the 
INPUT jack on the front panel, and the npproprhUe 
channel probe is Inserted Into Us corresponding PROW, 
socket. The incoming signal is amplified and senl to 
the horizontal plug-ln as the sync trigger pulse, aiid 
also sent to a delay line whore It Is delayed appro.xl- 
matcly 60 nanoseconds. The delayed signal Is then 
sent to the PROBE socket to bosam)>ledby tlieproix*. 
Because of the delay In the horizontal circuitry, the 
vertical signal must bo delayed a cor responding amount, 
otherwise the leading edge of high frequency signals 
could not be observed. 



4-27. BLOCK DIAGRAM DESCRIPTION. 

4-28, Refer to Figure 8-1, dotatlcd block diagram, for 
the following explanation. This diagram can be un- 
folck?d and thus referred to whi*i‘rcadln<j the applicable 
text* Since this exi)Ianatlonwm pertaiiumly to Channel 
A, only Channel A blocks and blocks common to both 
channels, are shown in the diagram. Channel B theory 
of operation Is identical to Channel A. Blocks common 
to both channels are the sampling pulse generator and 
switching multivibrator. The basic function of each 
Is descrlbed'ln the following paragrapiis. 
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4-29. The pulse generator circuit of the Model 1410A, 
upon receipt of the sampling trigger from the hori- 
zontal plug-ln, generates three signals. First, the 
trigger Is amplified and shapeit, then sent to tlie 
sampling probe to gate "on" the sampling diodes. 
Second, the trigger Is amplified and sent to the Channel 

A and B stretcher gate amplifier as the stretchcrpulsc. 

This stretcher pulse Is also sent to the switching mul- 
tivibrator (more on this later). Third, the pulse gen- 
eratoj; provides the staircase generator trigger, used 
In the horizontal plug-ln. 

4-30. The switching multivibrator controls the Input 
to the main vertical amplifier stage (common to both 
A and B channels). This Is accomplished 
bias to the switching diodes In AandB channels. With 
the mode selector switch In A position, the diodes In 
A channel are biased "on" and the diodes In B channel 
are biased "off". This allows Channel A signals to 
pass to the output stage and be presented In the CRT. 
With the mode selector switch to position B, the 
Channel A diodes are "off" and Channel B diodes are 
"on", resulting In a display of Channel B signals. In 
the A+B mode, both Channel AandB switching diodes 
are biased "on" simultaneously, resulting In the sum- 
mation of signals (algebraic addition). In the A & B 
mode, the diodes of Channel A and B arc alternately 



biased "on" and "off", resulting in a dual-trace dis- 
play. Finally^ in the A vs B nwde, Channel A dlcKles 
are biased and Channel B diodes are biased oil * 

Thus, Channel A signals are sent to tlie output ampli- 
fier and the vertical deflection plates, Cbaimel B sig- 
nals are sent to the horizontal ampliller in the 
horizontal i)luu-hi. resulting in an X-Y axis display. 



4-31. The sanipllng probe is the device that actually 
performs the* sampling. Contained within the probe 
are the sampling diodes, functioning as aswltch. When 
the pulse generator gates the diodes "on”, the Input 
signal level is sampled. This sampled voltage Is 
stored on the sampling capacitor and probe cable 

capacitance. Since the sampllngperlodls quite short, 

the sampling capacitor will charge to only a small 
percentage of the actual signal level (appro.xlmately 
5%). 

4-32. The voltage across the probe capacitor Is ampli- 
fied by a preamplifier and thencoupled throu^ afor- 
ward attenuator to the ac amplifiers. Since the 
amplifiers arcac coupled, only changes Inslgnal level 
will be detected and coupled to the umpllflcrs. The 
" ac amplifier output is the same polarity as the input 
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signal and is applied to the emitter roilowcrs and 
stretcher gate circuits. 

4-33. At the san>e time that sampiing occurs, the 
stretcher pulse is applied to the .stretcher gate ampli- 
fier. Output of the stretcher gate amplifier is a pulse 
that turns on the stretcher gate; however, the stretcher 
gate is held on for a much longer period of time. This 
time interv.al is long enough for the voltage across the 
stretcher capacitor to charge to the full amount of the 
signal from the ac amplifier. 

4-34, When the stretcher gate turns off, the stretcher 
capacitor has no discharge path, and the voltage across 
the capacitor remains essentially constant. Thus the 
sample is stretched until the nextsampling cycle. The 
output of the Model HlOA then remains at this now 
level for the full interval between samples. 

4-35, The potential placed on the stretcher capacitor 
now acts ns the input to the dc amplifiers. Output from 
the dc amplifiers is sent three places. First, feed- 
back is sent back to the emitter follower stage to charge 
the ac amplifio.r coupling capacitor (not shown) to the 
new level. Second, fccdb.ick is coupled through a 
fecdb.ick attenuator to the input preamplifier. Gain of 
the stages and feedback attenuation is sucli that this 
feedback signal will clurgo the sampling capacitor to 
100% of the sampled signal level prior to the next 
sample. 

4-36, The output signal from the dc amplifier is also 
sent to the differential preamplifier, where the single- 
ended input is convertedtoa differential signal. This 
differential signal is then sent to the switching diodes. 
Depending on the selected mode of operation, Channel 
A signals, Channel B signals or various combimitions 
of both will be coupled to the main vertical amplifier 
circuits. 

4-37. The malnverticalampllfler amplifies the differ- 
ential signal to sufficient amplitude to drive the ver- 
tical deflection plates. A portionof the signal is also 
coupled to the reciird differential amplifier circuitry 
to provide a Y-axis output for driver recorders, etc., 
etc. 

4-38. CIRCUIT DETAILS. 

4-39. SAMPLER. 

4-40, The sampler consists basically of four diodes 
arranged as shown in Figure 4-9 and abiaslng circuit 
for the diodes. The four sampler diodes are normally 
biased in the reverse direction by voltage from the 
biasing circuit. When the sampler pulses from the 
pulse generator overcome the reverse bias on the 
diodes, the sampler gates *W’ and the input signal 
starts to charge the probe capacitance which consists 
of the sampler capacitance. Cl 12, and the capacitance 
of the cable. When the sampler pulset 'end, Ihcsampier 
gates "off". 

4-41. Transformer TlOl provides a low-impedance 
path for the sampler pulses, which have opposite po- 
larity, and tends to cancel any unbalance between the 
pulses. However, TlOl, is a high impedincc to the 
input signal which is in-phase at the two-windings of 
TlOl; thus the input signal is confined to the sampler. 




r 

I 



;|:CABLf 
I CAPACITANCE 
•A- 



I w mr w I 

AMPLiri£F 
0t06 



-82.5V 




SAMPLER 

PULSES 



Finuro 4-9. Chuimel A Bl:is Circuit 

4-42. The bhtslni? circuit applies about 4 volts reverse 
bias to the sampler diodes. The sampllni; pulses are 
approximately 4 volts hiampIltudo» hence, the pulses 
overcome the reverse bias, turning the diodes ^^on’* 
and allowing sampling to occur. Should the signal level 
shift, the signal feedlwck level will also shift, andthe 
bias network output will also shift. (See Figure 4-10. ) 




Figure 4-10. Signal Level vs Bias Voltage 

4-43. Since the bias voltages will shift to keep the 
sampler output voltages centered between them, the 
input signal will turh on one of the sampler diodes tf 

1 
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the slKnnl vu^lcs more thim tiljout i 2 volts from the 
level of the voltage on the prolw capacity. This factor 
limits the dynamic range of ihe Model 1410A to about 
2vnk-pk. This 2 volt range Is not necessarily cen- 
tered about zero. Any signal or portion of a sljpial 
which can be positioned on the CRT Is valid provided 
the Input signal does not turn on the sampler diodes 
less tluin 10 psec before a sample or 1 pscc after a 
sample. 

4.44. PULSE GENERATOR. 



4-45. The pulse generator (p/o Figure 8-6) provides 
the sampling pulses for the sampling diodes. Input to 
the pulse generator Is u positive trigger from the 
horizontal plug-ln. The signal Is amplified and 
Inverted by QUO and Us negative collector signal Is 
coupled to the Ixise of QlOB, Q108 Is normally off» but 
when the riog.itlvo pulse Is applied to Its base It begins 
to conduct, causing Its collector to go In a positive 
direction. This positive -going signal, Is felt on the 
base of Q109, causing It to start conducting also. 
QlOO's negative-going collector. In turn Is felt on the 
base of Q108, causing It toconduct even harder. The 
net result of this regenerative (bootstrap) action Is 
that QlOe turns on rapidly, with Us collector voltage 
rising from -27 volts to approxlnuilely 0 volts. This 
fast rising positive pulse Is coupled'from the junction 
of C123 and K131 to the base of pulse amplifier QIU. 
Here It Is amplified and Inverted. The resulting nega- 
tive collector signal (slrelcher pulse) Is sent to Iht- 
Channcl A and B stretcher gate circuits, and to the 
switching multivibrator. It Is also sent through C123 
to the horizontal plug-ln as the staircase generator 
trigger signal. 



4-46. The positive pulse from Q108 Is also fell on the 

cathode of step-recovery diode CRl 10. Prior to the 
pulse, CRl 10 Is forward-blascdandconductlng. When 
the positive pulse Is applied, It reverse-biases the 
diode, causing reverse current to flow. The reverse 
current Is supplied by the carriers stored during the 
forward-bias condition. Thus, the diode does not stop 
conducting immediately, and the voltage across U 
romdlns low as reverse current builds up, when the 
carriers at the junction are depleted, the diode stops 
conducting very suddenly^ As a result^ a very 
rising positive pulse appears at the junction of CRllO 
.andC121. This pulse, In passing through a balun 

transfer mer(T102), generates an opposite-going signal 
In the other winding. Theseposlllvc and negutlve- 
KOlng sampling pulses are applledthrough transformer 
TlOl to the sampling diodes, CRl05lhruCR108. Diode 
bias adjust R160, part of CRllO current supply cir- 
cuit, Is adjusted for maximum sampling pulse amplitude. 



4-47. The over-all sampling efficiency of the Model 
1410A depends upon three lactors: 1) the RC time 
constant of the sampling capacitors and the sl^al 
source Impcdancej 2) the length of time the sampling 
gate is open; atxl 3) the loopgalnof the amplifier. Since 
the source Imped.ance will cluuige as the probe Is ap- 
plied to different circuits, the front panel SMOOTHING 
control Is provided to assure lOO'Ti sampling efficiency 
regardless of impedance changes. SMOOTHING adjusts 
the loop gain of tlje amplifier and should be chocked 
each time tliat the probe Is applied to a circuit. 
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4-48. Adjusting T^ CAL changes the amount of bias 

.ipplled to the sampling diodes. This In turn (see 
Figure 4-11) changes the sanjpllng time. Decreasing 
the sampling Hme has the effect of Increasing band- 
width (Improving rise time) however, the response 
will l» smoothed since sampling efficiency has been 
reduced. Under normal conditions, Tj^ CAL should 

be sot for <320 ps rise time. Rise time of the probe 
and delay line will be slightly greater (<350 ps). 
Bias centering adjust, R131, centers the dc bias level 
on the diodes and Is normally set for minimum noise 
out of the probe tip. Frequency adjust R129 Is set to 
allow nntxlmum range of the Tj^ CAL adjustment. Sec 

Section V foradjustmentt»rocedurcson these and other 
adjustments. 




Figure 4-U. Sampling Time vs Bias Level 



4-49. INPUT PREAMPLIFIER. 

4-60. The Input preamplifier stage Is composed of a 
field-effect tnmslstor Q106 and ac amplifier Q107. 
The sampled voltage, stored on capacitor QU2 and 
cable capacitance. Is coupled directly to the gate of 
Q106, Q106 offers a high Input Impedance so that the 
sampled charge on the capacitor will not leak off* ^n® 
Inverted signal on the drain Is sent to amplifier Q107 
where It Is again amplified and Inverted. Cain of this 
stage Is approximately 30. The collector signal of 
Q106 Is ac coupled to the forward attenuator. Here 
the signal Is attenuated on all ranges except the I, 2, 
and 6 MILLIVOLT/CM ranges. The signal Is then 
applied to ac amplifiers QH6 and QUO. 

4-51. AC AMPLIFIER. 

4-52. Gain of this stage Is variable between 6 and 60. 
The e.xact amount of gain Is controlled by the front 
panel SMOOTHING adjustment. The sampled signal 
change Is again amplified and Inverted by both Q116 
and Q116 and the output Is ac coupled Uirough emitter 
followers QH7 and Q118 to the source of stretcher 
gate Q119. 

4-53. STRETCHER GATE. 

4-54. The stretcher gate QUO, normally off, Is turned 
on by the stretcher pulse. The negative stretcher pulse 
from the pulse generator, amplified and Inverted by 
Q125, results In a positive pulse being applied to the 
gate of QM9. This positive pulse turns on QU9 and 
the stretcher capacitor C139 starts to charge to the 
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iticonttng signal level. Since the stretcher gate Is 
hold on for a relatively long period of time (approxi- 
mately 260 nanoseconds), the stretcher capacitor has 
time to charge to the full amount of the Input level, 

4-BB. When the stretcher pulse ends, QUO turns off. 
Since both QUO and Q120 are FET'.s, offering a high 
Impedance, the stretcher capacitor l>as no discharge 
path' and the potential placed upon It will remain con- 
stant. This voltage, storedon the stretcher capacitor, 
now acts as the Input to the dc amplifiers. 

4-56. DC AMPLIFIER. 

4-67. DC amplifiers Q120 andQl21 generate the out- 
put of the sampling loop. Decause of feedback from 
Q121 collector through RlOB to Q120 source, gain of 
this stage Is unity. Hence, the same voltage stored 
on the stretcher c.ipacltorwlIlappear on tlie collector 
of Q121.1 This voltage represents the output of the 
sampling loop and Is sent to three places. Stretcher 
balance and gain adjustments are set so that display 
does not shift or change size wlicnchanglng sensitivity 
ranges, . 

4-58. SIGNAL FEEDBACK. 

4-59. Feedback from Q121 collector Is fed back to 
emitter followers Q1 17 and Ql IB to charge the ac amp- 
lifier coupling capacitor C137 to the new signal level. 
Feedback Is also coupled through p/fo S 101 feedback 
attenuator to the sampling capacitor to charge It to 
100*J of the sampled signal level, except when using 
the I or 2 MILLIVOLTS 'CM ranges. In these ranges, 
the signal Is automatically smoothed and the feedback 
will represent less' than lOO'r sampling efficiency. 
This feedback, before reaching the diodes. Is sent 
through the diode bias circuitry. Here It will shift 
thcdcblas level (If necessary) as described In Para- 
graph 4-42. ' 

4.60. DIFFERENTIAL AMPLIFIER. 

4-61, The signal at Q121 collector Is also coupled 
through S103 to differential amplifier Q123 aiulQl24. 
The polarity switch determines whether the .signal 
will bepresentedas a posltlve-up or neg;itlve-up signal 
on the CRT. At this stage the single-ended signal Is 
converted to a differential signal. Cain Is controlled 
by the sensitivity VERNIER and the CAL AD.I settings. 
Preamp balance adjust R205, Is provided to balance 
the amplifier. 

4.62. SWITCHING MULTIVIBRATOR. 

4-63. The amplified differential slgmilfrom Q123 and 
Q124 collectors Is sent to switching diodes CRBOl 
through CR504, The switching multivibrator controls 
bias on diodes CR501 through CR50B. By forward- 
biasing or reverse-biasing the.se diodes, Oiannel A, 
D, or combinatloiu; of lx)th may be passed to the Input 
current Isolators Q501 and QB02. With the mode 
selector switch set for Channel A presentation, diodes 
CR506 and CR507 are forward-biased, in turn reverse- 
biasing CRB05 and CR508, thus bUx-'klng Channel B 
signals. In the same manner Channel A diodes CRB02 
and CR503 are reverse-biased, keeping CRBOl and 
CR504 forward-biased and allowing Channel A signals 
to pass to the input current Isolators. When the mode 
selector Is In B position, the above biasing conditions 
are reversed permitting Cliannel B signals to be dis- 
played. 

4-6 



Model 1410A 



4-64, In the A+B mode, diodes CR502, CR503, CR506 
and CRB07 are all reverse-biased In turn keeping 
CRBOl, CR504, CR505, and CR508 forward-biased. 
This allows signals from both clnumelstolw algebraic- 
ally added and the displayed slgn.al will represent the 
agicbralc sum of both A and D signals. In the A & B 
mode the negative stretcher pulse Is applied to the 
base of trigger amplifier Q515. The positive collector 
signal of Q515 Is used to trigger the switching multl- 
blbrator, aliernately changing biasing conditions so 
that Cha>mel A signals are displayed for one sampling 
cycle, and Channel B signals are displayed on the next 
sampling cycle. In the A vs B mode, the Channel A 
diodes are biased "on" and Channel B signals are 
routed through S501 to the horizontal amplifier In the 
horizontal plug-ln for an X-Y display. 

4.65, INPUT CURRENT ISOLATORS. 

4-66. Depending on wlmt mode of presentation Is 
selected, the npj)roprl.'ite signal or combination of 
signals Is applied to the emitters of Input current 
Isolators QBOl and Q502. Since the preceding stages 
of lx)th Channel A and B differential amplifiers each 
draw approximately 1 ma of current from this stage. 
In order to keep current through QBOl and QB02 con- 
stant when In the A+B mode (l»th chaimels are con- 
nected) an .additional current source is provided 
(+12.6 V to junction of R501 and RB02). 

4-67. The signals at QBOl /Q502 collectors are applied 
to the bases of emitter followers QB03/Q504. 

4.68. EMITTER FOLLOWERS. 

4-69. Emitter followers Q503/QB04 couple the signal 
to differential amplifiers Q505/QB06. Differential 
signal amplitude is greatly reduced by depressing the 
BEAM FINDER switch. This causes relay amplifier 
Q509 to conduct, energizing KBOl. WhenKBOl energi- 
zes, It places RBOB in parallel with the resistive 
divider network RBOTtluough RB12. Thisgreatly re- 
duces the voltages applied to Q503 'QB04 Uises. The 
difference In deflection plate voltages will now be small 
enough to locate the trace regardless of signal ampli- 
tude or the setting i>f the POSITION control. 

4.70. OUTPUT CASCODE AMPLIFIER. 

4-71. The emitter follower outputs arc sent to differ- 
ential amplifier Q505/QB06. The amplified and Inverted 
signal IS coupled to the output current isolators 
QB07 Q50B. Cainof this stage Is callbratedwlthR524, 
VERT CAL. CB04, frequency adjust, is used to adjust 
high frequency gain. 

4.72. Y RECORD OUTPUT. 

4-73. The signal voltage developed across resistive 
network RBO. through R512 is applied to the bases of 
record differential amplifier QBlO/QBll, Gain Is 
controlled l)y front panel Y AMPLITUDE adjustment. 
The single-ended output from QBIO collector is sent 
through emitter follower QBI2 to the front panel Y 
RECORD jack. RB73. Y IX: LEVEL, adjusts dc level 
of the output signal. 

4 74, SYNC AMPLIFIER AND COMPENSATOR. 

4-75. When suitable triggers are not available for 
triggering the horizontal plug-ln, the vertical signal 
can be used. However, because of an inherent time 
delay in the sampling system, the vertical signal must 
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also be delayed If tbe lo.idinBcd{}eof the siRnal Is to 
bo observed. This ts the main purpose of the sync 
ampltricr and compensator circuitry (see FlRurc 8-lft. 
The Incoming signal, connected to .1101, ‘s sciU two 
places. One portion Is applied toampUriersQlOl and 
Q102 where It Is antpllfled, It Islhencoupledthrough 
Si, TRIGGEP selector switch, then routed through 
P3 to the horizontal plug-ln to Initiate triggering. 



4-76. The signal Is also sent through DLlOl where It 
is delayed 00 nanosecomls. Because of signal decay 
In the delay lino, a RLcompcnsallngnetworkconslst- 
tngofLlOl, RlOl, andR102ls provided to sharpen 
rise tlmeagaln. The signal ts then applied to J102 
where It will bo sampled by the prolje. 



4.77. +12.6 V POWER SUPPLY. 

4-78. All required operating voltages arc provided by 
the oscilloscope eyeept for the +12,6 v supply, shown 
in T/lgure 8-16. Hero a 6. 3 vac Input Is. stepped up, 
rectified, filtered and regulated. Sensor amplifier 
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0578 will sense any variation of output voltage and 

apply an error feign.ilthrou'.h057B to the base of series 

regulator Q576 to Inr ease or decrease current, 
compensating for the voltage cluinge. 
the output voltage Increases. The potential on Q570 
base will go In a positive direction, causing Us col- 
lector to go negative, This negative voltage, coupled 
thru control transistor Q575 to the base of Q576, causes 

it to conduct less. The voltage drop across serle.s 
regulator Q57»> will now increase by an amount equal 
to the original voltage Increase, keeping the output 
umplltude constant* 

4-70. Current limiter Q577 Is normally biased off. 
If a short occurs across the output, the base «)f Q577 
goes positive, thus turning It on. The negative-going 
collector voltage, coupled throughQ575 to the base of 
the series regulator Q576 biases It off. The current 

that will flow through the e.xternal circuit Is now limited 

to the current required to keep Q577 on. Additional 
overload protection Is provided by fuse FB75. RB80 
adiusts the output for exactly +12.6 v. 



J 
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Table 5-1. Ilequlred Test Equipment ' 



1 Recommended Instrument | 


Required Characteristics 


Ref. Par. 


Required for 


Type 


Model 






DC Voltmeter 


hp 41 2A 


Voltage Range 0-100 vdc 


5-21 


<•12.6 V Supply Adj. 


Fast Rise Time 


hp 1105A/1106A 


<90 psec rise lime 


5-22 


Stretcher Gain and 
Diilancc AdJ. 


Pulse Generator 


or 

hp 213D 


<5x overshoot 


5-23 


Stretcher Gate Width 
Adj. 








5-24 


Sampling Dias Adj. 








5-14 


Rise Time Check 








5-15 


Overshoot Check 








5-18 


Time Difference 








5-25 


Tp CAL Range Adj. 


High Frequency 


bp 180A/ 


Bandwidth 20 MHz , 


5-26 

5-12 


Probe Noise Adj 
Recorder Output 


Oscilloscope 


1801 A/ 
1821A 




Chock 


UHF Signal 


hp 61 2A 


1 GHz 
0.lvil"c 


5-13 


Trlj^u^rlnt; Check 


Generator 








Variable Pulse 
Generator 


hp 222A 


2 V amplitude 

variable pulse width 

/ 


n 


Dynamic Ran^^e Check 
Isolation between 
Channels Chock 




' 1 


j • 


5-12 


Recorder Outputs 










Check 






1 ■ 

' ) 


5-16 


Vernier Check 


Variable Power . 
Supply 


hp Harrison 
' 6111A 


0 - 2 V dc iVx' 

1 

1 


5-9 

5-28 


Attenuator Accuracy 
Sensitivity Calibration 


BNC Adapter 


hp 10218A 


Adapt probe to BNC 


1-26 


Probe Noise Adj. 


Isolator ' ' 


hp 10216A 


Provide a constant Z 


5-27 


Isolator Balance Adj. 


. for phobe^ 






50 ohm Tee ' 


hp 1021 lA 


j 

GR/cn /probe connection 


5-12 


Recorder Outputs 
Check 






! : ' ^ 


5-H 


Rise Time and 


1 ' 




1 




Polarity Check 


1 ^ 






5-25 


CAL Rant;e Adj. 


!50 ohmiiiOad 

■: 


GR874-W50 ' 

1 


50 ohm load with GR 
connector 

) 




Recorder Outputs 
Rise Time and 


• 


5-25 


Polarity Check 
Tj^ CAL Rant»e Adj 


^ i ‘ 


1 


, ' ■ .11' 


I 


1 


5-30 


Internal DC Balance 


40 cm Alr Line 


GR874 ! 


50 ohm type with GR 
connectors 

1 


5-H 


Rise Time and 
Polarity Check 


•’ 1 .1 
1 l•>■ 


1 


5-25 


Tjj CAL Range Adj. 


^ >■ 

■ true RMS meter 

l'\ : 

: 

1 r. 

t . 


hp 3400A i ; 

. ' ; 

1 

1 


f 

) 


) 

! 





I ^ ' 

} I r 

M ' 

5-0 . , I 

■ I • • 

I* 1 
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SECTION V 

PERFORMANCE CHECK AND ADJUSTMENTS 



5-1. INTRODUCTION. 

5-2. Thl>‘ ^ocUnn tncludchadjuhlnionlprocodurrs and 
a porformanoe chuck. The pcrfonnance chock ma\r 
bo used as Incoming inspocUon or afior repairs or 
adjiislmonts have been made to verify that the instru- 
ment meets thcsrpecificatUms listed in Table l-l. 
When the Initial performance check is made, the read- 
ini;s should be reciirdod on the enclosed Performance 
Test Ifecord so tiiat readint^*^ taken at a later dale can 
bo compared, to the ni^l^inal roadinns. If adjustment 
is required, refer lo Para^^raph 5-19^ ‘ 

5-3. PERFORMANCE CHECK. 

5-4, TEST EQUIPMENT REQUIRED, 

5-5. Test equipment recommended for the perfor- 
mance check and adjustments is listed in Table 5-1. 
Similar instruments having the listed characteristics 
may be substituted, 

5-6, PROCEDURE, , 

5-7. Install the Model HIOA In the oscilloscope and 
allow at least ten minutes for warm-up. Thefollowinj^ 
checks shoubl be performed In the same sequence as 
they are listed since control setUnns are all referenced 
to prior seitinps. 

5-8, MODES OF OPERATION, 

a. Set sam|)lin^ Time Ikise controls as follows: 
(If an hp Model H25A is used, settini^s will apply to 
MAIN SWEEP) 



S‘'NC PUI-SK 


« » * ^ 


ON 


TIMK CM- ....... 


r ► ♦ • 


1 pSEC CM 


VKimiKR 


» » ♦ • 


CAL 


MAGNIFIER ^ ► r , ^ 






SCAN'NINC 




. . . NORMAL 


Triufioi* L.KVEL • - ' > 




. . • . AUTO 


Ti lfJt-or MODE 


# • • ► 


• ■ • max cw 


Trlm-fr SLOPE • • • • 


► 




Trltiner Source > • • • 




INT 


Trl^t>cr Scn.sUlvUy - • • 


, . , . 


SENS 



Set Mode Selector to A vs H, Cluumel A VERT 
POS should move? dot vertically and Cluumel B VERT 
POS should move dot horizontally, 

5-9, ATTENUATOR ACCURACY, 

a. Perform the CAL ADJ and VERT CAL adjust- 
ments as shown in \^mvo 3-4 and 3-5 prior to this 
check, 

b. Connect the Channel A probe to the rarlable 
power supply output, 

c. Set MILLIVOLTS^CM and power .supply output 
as indicated in Table 5-2 a**:! check each rani»e for 
indicated deflecUon. 

d. Repeat steps a, b, and c for Channel B. 



Table 5-2, Altcmialor Accuracy 



MILLIVOLTS CM 


Power Supply 
Output 


Deflection 


200 


2 V 


10 cm mm 


100 


1 V 


10 cm «3 mm 


50 


0.6 V 


10 cm 1 3 mm 


20 


0.2 V 


10 cm t3 mm 


10 


0.1 V 


10 cm t3 mm 


5 


.05 V 


10 cm mm 


2 


.02 V 


(0 cm ^5 mm 


1 


,01 V 


10 cm ^5 mm 



5-10, DYNAMIC RANGE, 



a. Connect a variable amplitude Pulse Generator 
(hp Model 222A) to the Channel A INPUT connector, 
DO NOT EXCEED 5 VOLTS AMPLITUDE. Sot pulse 
width to approximately 2 usee at a rep nUe of 5 kHz, 
Adjust for a 1 volt positive pulse, 

b. Connect Channel A probt» to Us holder and set 
TRIGGER to A, 

c. Set Time Base controls as Ldlows: 



b. Set M«>del HIOA controls as follows: 

Oiannel A and B MILLIVOLTS CM — — 50 
Channel A and B Polarity , , ^ , ► - » fUP 
Mode Selector - ,,,,,,, a 

c. Rotate Channel A VERT POS, Trace should 
move vertically, 

d. Change ModeSclcctor to A ►B. Both Clwnnel A 
and B VERT POS controls should move the trace 
vertically. 

e. SetModcoeleclorto A & B, Two traces should 
appear, Channel A VERT POS should move one trace 
and Channel B VERT lK)Sshc)uld move the other trace. 



Trinn^^r Source * ► 
Trii'v^er Sensitivity 
TrlnRcr SLOPE * * 
Trit^ner LEVEL\ 
MODE j’ 



I NT 



SENS 



Ailjusl for stable display 



d. Increase amplitude of Pulse Generator to at least 
2 volts. Displayed waveform should not bt'come dis- 
torted. 



e. Change l^ilse Generator polarity to negative and 
again observe waveform as amplitude is increased. 
Waveform should not become distorted until output 

e.xceeds 2 volts. 



f. Change Moile Selector to B. Channel B VERT 
POS should move trace vertically. 
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f. Change TRIGGER to B. connect Pulse Generator 
to B INPUT and repeat steps d and o for Channel B. 
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Section V 

Pami'raplis 6-11 to 5-16 

5-11. tSOLATION BETWEEN CHANNELS. 

a. Connect the Model 222A output to A INPUT con- 
nector. Adjust for It +1 volt pulse. Place A and D 
probes In tliolr respecUve sockets. Set TPIGGER to A. 

b. Set Mode Selector to B. Set Channel D MILLI- 
VOLTS/CM to 6. 

c. Switch Channel A VERT POS through Its entire 
rani;e and observe deflections on Channel B, Deflection 
shall be less tlian 10 mv. 

d. Connect signal to B, set TRIGGER to B, set 
Mode Selector to A and observe deflection on Clwnnel 
A. Deflection shall bo less titan 10 mv. 

5.12. RECORDER OUTPUTS. 

a. Connect variable Pulse Generator to Cliannel A 
probe, terminated in 60 ohms. Adjust amplitude for 
1 volt output. 

b. Connect trigger outpitt from Pulse Generator to 
the external trigger input of Time Base. Sot trigger 
source to EXT, SLOPE to -, and adjust LEVEL and 
MODE for stable display. 

c. Connect monitor oscilloscope to X RECORD 
output. 

d. Note signal AMPLITUDE is adjustable from ap- 
proximately . 05 volts/cm to 0. 2 volts/cm. DC LEV- 
EL can be adjusted between -L 6 v to +0. 5 v. 

c. Connect monitor oscilloscope to Y RECORD 
output. 

f. Note signal AMPLITUDE is adjustable from ap- 
proximately . 05 volts/cm toO. 5 voUs/cm. DC LEVEL 
can bo adjusted between approximately 1.5 v loO. 5 v. 
5-13. TRIGGERING. 

a. Set Time Base Controls ns follows: 

TIME/CM lOpSEC/CM 

Trigger Source * INT 

Trigger Sensitivity SENS 

Trigger SLOPE 

b. Set Mode Selector to A, TRIGGER to A, and in- 
sert Channel A i)robe into its receptacle. 

d. Connect UHF Generator to A INPUT connector. 
Adjust for 600 MHz at 100 mv pk-pk: Adjust LEVEL 
to obtain proper sync. 

d. Increase frequency to 1 GHz at 100 mv pk-pk. 

e. Adjust LEVEL and observe that time base will 
synr. 

f. Connect UHF Generator to B INPUT and switch 
TRIGGER to B. 

g. Repeat steps c, 'd, and e for Channel B. 

5-U. RISE TIME AND POLARITY. 

a. Connect a fast rise time Pulse Gener..ior (hp 
Model 1105A/1106A or hp Model 2I3B) to Channel A 
as shown in Flgure5-1. Set Pulse Generator TRIGGER 
to + and OUTPUT to +. 

b. Set Time B.ise controls as follows: 

TIME/CM 10 nS EC/CM 

MAGNIFIER XlOO 



MODE* ‘ * Adjust for stable display 

level AUTO 

c. Set Model 1410A controls as follows: 

Mode Selector A 

NORM-SMOOTHING NORM 

SMOOTHING Oi)llmtzed 

SYNC PULSE ON 




d. Connect sync pulse output of the Time Base to 
trigger input of Pulse Generator and adjust sensitivity 
for pulse output. 

e. Observe pulse rise time of <320 psee. 

f. Change polarity switch and observe tiuit pulse 
is Inverted. 

g> Repeat steps a through f for Chanitel D. 

5-15. OVERSHOOT. 

a. Connect a fast rise time Pulse Generator to the 
Channel A INPUT. Place probe in receptacle. 

b. Set TIME/CM to 100 nSEC/CM. 

c. Adjust MILLIVOLTS/CM and VERNIER for a 
10 cm pulse. 

d. Switch MlLLIVOLTS/CMtoB. Adjust VERT POS 
to center top of pulse on CRT. 

e. Observed overshoot should be less than 6 cm. 

f. Repeat steps a through e for Channel B. 
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5.16, VERNIER, 

a. Connect a variable Pulae Generator (hp Model 
222A) to A INPUT and adjust for 1 cm pulse. 

b. Rotate VERNIER (ullyclockwlse. Pulse hol|?ht 
should increase to at least 2. 5 cm. 

c. Rcpcut steps a and b for Civumcl D. 

507, NOISE. 

a. Disconnect signal from INPUT and Insert probes 
in receptacles. 

b. Set controls as follows; 

TIME/CM 10 fiSEC/CM 

MODE FREE RUN 

TRIGGER HOLD-OFF NORMAL 

Y RECORD AMPLITUDE .Adjust for lOO rnv/cm 

SMOOTHING NORM 

SCANNING MANUAL 

SCAN DENSITY* • • • • Set dot for midscreen 

MILLIVOLTS/CM (both) 5 

ClianncI Selector • .A 

c. Connect a true RMS meter such as the hp Model 
3400A to the Y RECORD Output. Set meter range to 
0.01 Volts. 

d. Indicated noise shall be less tlian B mv on the 
meter. (This corresponds to approximately I mv of 
noise bn the CRT. exclusing of random dots.) 

e. Change Cluinnol Selector to D and repeat step 
d for Channel D. 

5-18. TIME DIFFERENCE. 

a. Connect a fast rise time Pulse Generator to the 
center terminal of a BNC Tec. Set Mode Selector to 
A and B. Using DNC adapters (hp 1021BA) connect 
both probes to the ends of the Toe. 

b. Using the VERT POS controls, set bottom of 
both pulses on screen. 

c. Set horizontal TIME/CM to 1 nSEC/CM and 
MAGNIFIER to XlO. 

d. Switch both MILLlVOLTS/CM to 5. 

e. Adjust triggering (or a stable displayand ob- 
serve horizontal distance between leading edges of 
pulses. Distance should be less than 1 cm. 

5-19. ADJUSTMENTS. 

5-20. F. ocedurcs for adjusting the Model 1410A are 
described In Paragraphs S-21 through 5-32. The 
adjustments can be made only a(ter removing the 
bottom cover of the oscilloscope. For optiinum re- 
sults. check andadjust if necessary, the power supply 
voltages of the oscilloscope. Equipment required to 
perform the adjustments is listed in Table 5-1. Lo- 
cation of adjustments is shown in Figure B-2. 

5-21. +12.6 VDC SUPPLY. 

I 

a. ' Connect a voltmeter to the positive lead of the 
47 (if electrolytic capacitor (C577) on the main ver- 



Scction V 
Paragraphs B-16 to 5-25 

tical amplifier board. (Shown on Page B-12. Fig- 
ure 8-14.) 

b. Adjust R5B0 for e.xnctly + 12. 0 vdc. 

5.22. STRETCHER GATE WIDTH. 

a. Set Time Base to FREE-RUN. Tlmc/cm to 
10 nscc/cm and observe waveform at Q125 collector. 
Adjust Stretcher Gate Width (R183) for 300 nsec pulse 
width. 

b. Observe waveform at Q325 collector. Adjust 
Cluinnel B Stretcher Gate Width (R383) for 300 nsec 
pulse width. 

5.23. STRETCHER BALANCE. 

a. Connect a fast rise time Pulse Generator (hp 
Model 1105A/1100A or hp 213B) to Channel A INPUT. 
Insert probe into receptacle. 

b. Set controls as follows: 



MlLLlVOLTS/CM 50 

Channel Selector • * * A 

Polarity tUP 

TRIGGER > • A 



c. Free-run the pulse generator and adjust time 
base controls for a stable display. Use Internal trig- 
gering at 10 nsec/cm, 

d. Optimize sampling efficiency. Alternately 
switch NORM-SMOOTHED switch between positions 
andadjust ClianncI A Stretcher Balance Adj (RIBO) so 
tliat display docs not shift vertically while switching. 

5.24. STRETCHER GAIN. 

al Continue to switch NORM-SMOOTHED switch 
bctwecnpositlons andadjust Stretcher Gain Adj (RI04) 
for minimum amplitude shift. 

b. Some interaction may occur between this and 
the previous adjustment; repeat both gain and Ixitancc 
adjustments for minimum vertical sliilt and amplitude 
change. 

c, Connect pulse gcncr.itor to Channel B INPUT, 
cliangebothcliannel and trigger selectors for Channel 
B operation and repeat Parugra))hs5-23 and 5-24 for 
Channel B. adjusting R389 and R384. 

5-25. Tp CAL RANGE. 

a. Connect the fast rise Pulse Generator through 
a 40 cm air line to a 50 ohm Tec. terminated Into 50 
ohms (see Figure 5-1). Insert prolie IntoTee. Free- 
run the time tnse and use tlic SYNC PULSE output to 
trigger the pulse generator. 

b. Set Tjj CAL to mldraitge. 

c. Observe rise lime. Adjust R120 (or a rise time 
of approximately 300 psec. 

d. Adjust front p:inel Tj^ CAL for an observed rise 
time of 320 psec with less titan 5T) overshoot. 

e. Repeat step.s a thru d for Channel B. adjusting 
R329 and Channel B Tjj CAL. 
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Section V 

Paragraphs 6-20 lo 6-33 

5.26; PROBE NOISE. 

a. Disconnect equipment. i 

b. Connect Cliannel A probe directly lo a monitor 
oscilloscope using the hp Model 10218A Adaptor. 

c. Free -run the time base and center the trace 
on-Bcreenwith VERT POS, Observe spikes on moni- 
tor scope and adjust Centering Dias Adj(R13l) for 
minimum spike amplitude. Keep trace centered on 
the test scope while making adjustment. 

d. Repeat steps a thru c for Channel D, 

e. Recheck rise time, since some interaction 
exists between this adjustment and CAL. 

5-27. ISOLATOR BALANCE. 

a. Connect hp Model 102ICA Isolator to CItannel A 
probe and alternately open and short tip of Isolator to 
Isolator ground. 

b. Observe baseline shift, and adjust green wires 
inprobe cartrldge(CllOandClll) for a shift less than 
5 mv. 

Note 

To adjust capacity, nmve green wires 
one at a time away from ground. When 
the wire has been found which reduces 
the shift, trim or bend It for minimum 
shift and adjust the other wire to obtain 
. less than 5 mv shift. The probe cover 
will need to be removed to adjust the 
wires and replaced to check inselinc 
shift. 

c. t Repeat steps a and b for Channel D probe, ad- 
justing C310 and C311. 

5-28. SENSITIVITY CALIBRATION. 

a. Perform the CAL ADJ and VERT CAL as shown 
in Figure 3-4. 

b. Set variable power supply for . 01 volts and con- 
nect to Channel A probe. 

/ 



c. Set MILLIVOLTS/CM to I and atlernately con- 
nect and disconnect the power supply. Adjust the Slret- 
rher Gain R194 lor exactly 10 cm of deflection. 

d. Repeat steps a through c until no Interaction 
occurs between tnls adjustment and the CAL ADI. 

e. Repeat steps b through d for Channel D. 

5-29. AMPLIFIER PEAKING. 

a. Disconnect power supply. 

b. Set Mode Selector to A & D and both MlLLl- 
VOLTS/CM switch to 100. 

c. Position both traces on screen 8 cm apart and 
setSCANDENSITYfullycounterclockwisefmlnlmum). 

d. Adjust amplifier peaklngadj (CB04) for best ap- 
pearing dots (minimum tails). 

5-30. INTERNAL DC BALANCE. 

a. Connect a 60 ohm load to the GR type INPUT, 
Freo-runthe time base to obtains hascllne. Set verti- 
cal sensitivity to 2 mv/cm. 

b. Switch polarity between +UP and -UP. Slowly 
adjust VERT POS and locate point where no trace 
shift exists while changing switch positions. Adjust 
Pre-amp Dal Adj (R205) to rc-posltlon baseline lo 
center screen. 

c. Repeat steps a and b for Channel B (R405). 

5- 31. CALIBRATING THE io«l DIVIDER. 

6- 32, To calibrate the hp Model 102 14 A Divider, ob- 
serve a 76 kHz square wave using the divider. Ob- 
tain a 10 cm display, and optimize response. Observed 
overshoot should bo 3%, If the overshoot is not 3f?>, 
usingthe probe adj tool, adjust for 3% overshoot. To 
do this, it is necessary to remove, adjust, replace, 
check, remove, etc. , etc, , the divider. De sure lo 
keep the response optimized while making the adjust- 
ment. 

6-33, If the 10:1 division ratio is incorrect, the divider 
is defective and should be replaced. 
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Model HlOA 



Porforn>nnce Cheek Record 



PERFORMANCE CHECK RECORD 
Iiistrumcnl Seriiil Number 



Parui;rat)l) 


Cheek 


Lindt 


6-8 


, MODES OF OPERATION 








A 








A+B 








A&B 




- 




B 








A vs B 




BBS 






channel A 




5-0 


ATTENUATOR ACCURACY 


Min Mjuc 


Min Max 




200 


0,7 cm 10,3 cm 


0.7 cm 10,3 cm 




100 


0,7 cm 10.3 cm 


0,7 cm 10.3 cm 




50 


9.7 cm 10, 3 cm 


0,7 cm 10.3 cm 




20 


9.7 cm 10.3 cm 


0,7 cm 10,3 cm 




10 


9.7 cm 10.3 cm 


0.7 cm 10.3 cm 




5 


0.7 cm 10.3 cm 


0.7 cm 10.3 cm 


‘ 


2 


0.5 cm 10,6 cm 


9.5 cm 10,5 cm 




1 


0. 5 cm 10. 5 cm 


9»5cm 10, 5 cm 


5-10 


DYNAMIC RANGE 


-2 V 


-2 v 






4-2 V 


f2 V 


5-l» 


ISOLATION BETWEEN CHANNELS 


<10 mv 


<10 mv 


5-12 


RECORDER OUTPUTS 








AMPLITUDE 


, 05 v/cm _ 


, 05 v/cm _ 






►2v/'cm 


,2 v/cm 




DC LEVEL 


• U5v 


-1.6v 






1 fO* 5 V 


— 4-0, 5 V 


5-13 


triggering 


— 


— 


5-14 


RISE TIME AND POLARITY 








’^R 


.. — <350 p$ 


<550 JKS 




POLARITY 


— 


— 


5-15 


' OVERSHOOT 


< 5 mm 


<5 mm 


5-16 


VERNIER 


2.5 cm 


2. 5 cm 


; 5-17 


NOISE 


<l mv 


<1 mv 


5-18 


TIME DIFFERENCE 


<1 cm 


<1 cm 
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Table 0-2. Replaceuijlc \Kivis 



^ Oe.scrlpUou 

hp Pari N». 1 Q xuMo C* I, ) 



OHtO'66507 I At Compensator Uard assy (dtan A) 

O14I0-G6502 I A; Sync lakc-oft amp (chan A) 

00167-60503 2 At Prubo Sampler board ussy (chan A) 

01410-66504 I At Input umplider and pulse I’cneralor ussy 

01410-66505 1 At Stretcher board ussy 



01410-66501 I At Componstitor Iward ussy (chan B) 

01410-66503 1 At Sync take-off amp (chan n) 

00187-66503 A: Prol» Sampler Iward ussy (chan II) 



01410-66506 1 At Main Vertical Amplifier Assy 

01410-63401 2 At ultenuator switch (A) 

01410-63401 A; attenuator switch (D) 

0180-0228 6 Ct fxd la 22 pf lO'o ISvdcw 

0160-0207 4 Ct fxd my 1200 pf lO'r 200vdcw 

0150-0116 2 Ct fxd ccr 47 pf lO'r SOOvdew 

0180-0228 Ct fxd la 22 ;if lO^i 15vdcw 

0180-0228 Ct fxd ta 22 pf lO'f; ISvdcw 

0160-0297 C: fxd my 1200 pf IO'p 200vdcw 

I 

0170-0040 4 Ct fxd my -047 pf lO'f. 200vdcw 

0170-0040 C: fxd my . 047 pf 10'i> 200vdcw 



0150-0050 

0150-0050 

0160-0161 



NSRt p/o A 103 
C: fxd cer 1000 pf GOOvdew 
C: fxd cor 1000 pf GOOvdew 
C: fxd my . 01 jif lO'ii 



0160-0153 

0160-0153 

0160-0161 

0160-0214 

0140-0190 

0140-0204 

0140-0178 

0140-0176 

0160-01G1 

0160-0161 

0140-0176 

0140-0176 

0180-0155 

0180-0155 

0180-0155 

0160-0161 

0180-1735 

0160-0153 

0160-0407 

0180-0155 

0140-0200 



C: fxd my 1000 pf lO't 
C: fxd my 1000 pf lOj? 

C: fxd my • 01 pf 10*T’ 

C: fxd cer 10 pf 500vdcw 
C: fxd mica 39 pf f/r SOOvdew 

C: fxd mica 47 pf 6'^ 300vdcw 
C; fxd mica 560 pf 2'r 300vdcw 
C: fxd mica 100 pf 2’T’ 300vdcw 
C: fxd my , 01 pf lO'r 
C: fxd my • 01 pf 10^’ 

C: fxd mica 100 pf 2'r 300vdcw 
C: fxd mica 100 pf 2^v 300vdcw 
C: fxd ta 2s 2 pf 20'T' 20vdcw 
Cr fxd ta 2. 2 pf 20'r 20vdcw 
C: fxd ta 2. 2 pf 20 r 20vdcv^ 

t 

C: fxd my . 01 pf lO'r 
C: fxd la 0*22 pf I0't;^35vdcw 
C: fxd my 1000 pf I0*t 

C: fxd cer 1000 pf 107* SOOvdew 
Ct fxd ta 2. 2 pf 20'e 20vdcw 
C: fxd mica 390 pf 57 300vdcw 
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Table 6-2. IU>|>tiU'eiible PiU'l«> tConVcl) 



Itof 

Di'slc 


h|> iMrt No. 




TCJ 


DuhcrlpUnri 
ffcVo Table 6-1. j 


CUl 


0140-0200 






C: fxd mica 390 pf 5'ir 300vricw 


C30I 


0180-0228 






C: fxd Ui 22 III 10*h ISvdcw 


C302 


0160-0297 






C: r.x<l my 1200 |)f 10'^;' 200vdcw 


C303 


0150-0116 






C: fxd cer 47 pf lO'r 300vdcw 


C304 


0180-0228 






C: fxd la 22 pf 10%' 15vdcw , 


C305 


0180-0228 






C: fxd ta 22 /if lO^y? 15vdcw 


C300 


0100-0297 






C: fxd my 1200 pf lO'J: 200vilcw 


C30S 


0170-0040 






C; fxd my ,047 /if 10 'm 200vdcw 


0309 


0170-0040 






C: fxd my . 047 /if lO'f; 200vdcw 


0312 








NSri: p.A) A303 


C313 


0150-0050 






C: fxd cer 1000 pf OOOvilcw 


C3M 


0150-0050 






C: fxd cer 1000 pf 600vdcw 


C316 


0160-01G1 






C: fxd cor ,01 pf OOOvdew 


0318 


OlGO-0153 






C: fxd my 1000 pf 10' r 


C310 


OlGO-0153 






C; fxd my 1000 pf lO'r 


0320 


OIGO-OIGI 






C; fxd cor , 01 pf GOOvdew 


0321 


0160-0214 






C: fxd cer 10 pf GOOvdew 


C322 


0140-0190 






C: fxd mica 39 pf 5^ 300vdcw 


0331 


0180-0155 






C: fxd ta 2.2 (if 20'<> 20vdcw 


0332 


0180-0155 






C: fxd ta 2, 2 pf 20'"r> 20vdcw 


0333 


^ OlGO-0161 






C: fxd my ,01 pf lOjT) 200vdcw 


0334 


0180-1735 






Ct fxd ta , 22 pf lO'c 35vdcw 


0335 


0160-0153 






C: fxd my 1000 pf 10' r 


0337 


0160-0407 






C: fxd cer 1000 pf lOT) 500vdcw 


0338 


0180-0155 






C: fxd ta 2,2 pf 207>20vdcw 


0339 


0140-0200 






Cr fxd mica 390 pf OT: 300vdcw 


0341 


0140-0200 






C: fxd mica 390 pf 5'n 300vdcw 


0501 


0140-0194 




2 


C: fxd mica 1 10 pf 5’r 300vdcw 


0502 


0140-0194 






C; fxd mica UO pf 5'I? 300vdcw 


0503 


0140-0199 




1 


C: fxd mica 240 pf 5'*^ 300vdcw 


0504 


0130-0016 




1 


C: var cer 5-25 pf 


C50G 


0180-1735 






C: fxd ta ,22 /if lO'T 35vdcw 


0507 


0140-0193 




2 


C: fxd mica 82 pf 6'r 300vdcw 


0508 


0140-0193 






C: fxd mica 82 pf 5'r* 300vdcw 


0509 


0140-0191 




1 


C: fxd mica 56 pf 5‘r 300vdcw 


0510 


OlBO-0155 






C: fxd ta 2. 2 /if 20' r 20vdcw 


0575 


0180-1783 




1 


1 

C: fxd elect 1000 //f 35vdcw 


0576 


0160-0161 






C: fxd my ,01 pf lO'c 200vtlcw 


0577 


0180-0007 




1 


C: fxd elect 47 /if 107 35vdcw 


0580 


0150-0052 






Cr fxd cer 0. 05 /if 20 r 400vdcw 
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Table 6-2 



Mmiel 1 4 10 A 



'Hible C-2» Uqilnceuble I>art« (ContM) 



hp Part No, 



DcKcripUon 
(See Tible C-U) 



5 1001-0340 6 cm Hi 

6 1001-0340 Cn; h1 

CR107 1001-0340 CH: Hi 

CR108 1001-0340 CR: Hi 

1001-0182 I cm filep recovery 

1001-0040 22 cn: si 

1001-0040 CR: si 

CR113 I 1001-0040 CR: si 



CRU6 

CR118 

CRllO 

CR120 



1001-0040 

1001-0040 

1001-0040 

1001-0040 



cm Bi 
cm Bi 

CR; Bl 
CR: Bl 




1001-0340 

1001-0340 

1001-0340 

1001-0340 



CR: Bl 
CR; Bl 
CRr Bl 
CR: Bl 



CR316 

CR318 

CR319 

CR320 



1001-0040 

1001-0040 

1001-0040 

1001-0040 



CR: Bl 

CR: Bl 
CR: si 
CR: Bl 



CR501 

CR502 

CR503 

CR504 

CR505 

CR506 

CR507 

CR508 

CR510 

CR511 

CR512 



1901-0040 

1001-0040 

1001-0040 

1001-0040 

1001-0040 

1001-0040 

lOOi-0040 

1001-0040 

1001-0040 

1001-0040 

1901-0033 



CR: Bl 
CR: Bi 
CR: Bl 
CR: si 
CR Bl 

CR: Bl 
CR: Bl 
CR: Bl 

CR: Bl 
CR: Bl 
1 CR: Bl 



CR575 

CR576 

CR577 

CR578 

CR570 

DLlOl) 

DL301I 



1901-0026 4 CR: si 

1901-0026 CR: si 

1901-0026 CR: si 

1901-0026 CR: si 

1901-0040 CR: Bl 

01410-61603 1 DL: delay line assy matched|>alr Unduc^esJ 101 & J301) 



2110-0001 



F: I amp 



H 








) 
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Tnble 0-2 

Table 6-2. Ileiilaceable l>iu ts (ContM) 



m 


h|) Part Ko* 




TQ 


l}o()CrlptUm 
(faVc Tliblo 6-L 1 


.1101 








NSR: p/o DLIOI 


.1102 








Includes: 




01410-21201 




2 


Urackcl; compoitsalor mount 




01410-2760R 




2 


Body: BMC ndapter 




01410-18301 




2 


Probe guide 


.1301 








Nsn: p/o DL301 










Includes: 




01410-21201 






Bracket: compensator njount 




01410-27608 






Body: DNC udapter 




01410-48301 






ProlK? guide 


.1501 


1250-0118 




2 


.1: BNC 


.1502 


1250-0118 






.1: BNC 


K601 








b^cludos: 




0480-0180 




1 


Relay reed 




0490-0191 




1 


Relay coll 


LlOl 


0100-2254 




2 


L: fxd , 30 fih 


L103 


0140-0029 




4 


L: fxd 100 /<>) 


L104 


0140-0120 




2 


L: fxd. 1 ph 


LI05 


0140-0020 






L: fxd 100 ph 


LlOB 


0140-0146 




2 


L: fxd 10 /ill 


L301 


0100-2254 






L: fxd . 39 /:h 


L303 


0140-0020 






L: fxd 100 fth 




0147-0120 






Lrfxd.lph 


L305 


0140-0029 






L: fxd ioo ph 


L308 


0140-0146 






h: fxd 10 /ill 


PI 


1251-0055 




1 


P: panel plug^ 24 contact 


P3 


1251-1285 




1 


P: panel plug» 12 contact^ 5 coaxial 


QlOl 


1854-0260 




m 


1 

Q: si npn 


Q102 


1853-0061 




1 


Q: si pnp 


Q106 


1855-0020 




1 


Q: si FET N cluumi4 


Q107 


1853-0020 




HI 


Q: si pnp 


Q108 


1853-0010 




5 


Q: si pnp 


Q109 


1854-0035 




1 


Q: si npn 


QUO 


1854-0010 




3 


Qvsi npn 


Qlll 


1854-0071 




13 


Q; si npn 


Q115 


1853-0020 






Q: si pnp 


Q1I6 


1854-0071 






Q: si n|m 


Q117 


1853-0010 






Q; si pnp 


QllS 


1854-0019 






Q: si npn 


QUO 


1855-0022 




4 


Q: si FET N channel 
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Model UlOA 



Ttibic 6>>2» noptiiceable Parts (Cont^d) 



m 

Dosli? 


h|) Part No» 


— 


— 

TQ 


ncscriptimi 
(See Table 0- 1, ) 


QUO 


1B55-0022 






Q: Bl FET N channel 


Q121 


1863>0020 






Q; bl pnp 


Q123 


1864-0071 






Q: Bl npn 


Q124 


1854-0071 






Q: b1 npn 


Q125 


1S53-0020 






Q: Bl pnp 


Q301 


1854-0280 






Q; Bi npn 


Q302 


1853-0061 






Q: Bl pnp 

> 


Q306 


1855-0020 






Q: Bl FET N cliannol 


Q307 


1853-0020 






Q: si pnp 


Q315 


1853-0020 






Q; Bl pnp 


Q316 


1854-0071 






Q; Bl npn 


Q317 


1853-0010 






Q: Bl pnp 


Q3I6 


1854-0019 






Q: Bl npn 


Q310 


1855-0022 






Q; Bl FET N channel 


Q320 


1655-0022 






Q: Bl FET N channel 


Q32L 


1853-0020 






Q: Bl pnp 


Q323 


1854-0071 






Q; b 1 npn 


Q324 


1854-0071 






Q: Bl npn > 


Q326 


1853-0020 






Q; Bl pnp 


QSOl 


1854-0071 






Q; Bl npn 


QS02 


1854-0071 






Q; Bl npn 


Q503 


1854-0022 






Q^Blnpn 


Q604 


1654-0022 






Q: Bl npn 


Q505 


1654-0022 




3 


Q: Bl npn 


Q5Q6 


1854-0022 






Q; Bl npn 


Q507 


1854-0232 




2 


Q: Bl npn 


Q508 


1654-0232 






Q: Bl npn 


Q509 


1654-0071 






Qr b1 npn 


Q610 


1853-0020 






Q: Bl pnp 


Q511 


1653-0020 






Q: si pnp 


Q512 


1654-0022 






Q; Bl npn 


Q613 


1853-0010 






Qr Bl pnp 


Q514 


1853-0010 






Q: si pnp 


Q515 


1853-0020 






Q; si pnp 


Q575 


1854-0039 




2 


Q; Bl 2N3053 


Q576 


1854-0084 




1 


Q: si npn 2N3232 


Q577 


1854-0039 






Q: si 2N3053 


Q576 


1854-0071 






Q; Bi npn 


R1 


2100-1717 




2 


Rj var carbon comp 60k ohms^ 20% 




2100-2064 




2 


R: var carbon comp 20k ohms 10% l/2w 

1 

! 
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Tlible 0-2, Replaceable Parts (Omt’d) 



Ref 

DoKig 


lip Part No. 




TQ 


Descrlptfon 
(See T.ible 6- 1, ) 


RlOl 


0757-0705 




2 


R: fxd mctflm 75 olims 1% l/2w 


mo2 


0767-0284 




4 


R: fxd meUlm 150 ohms 1% l/8w 


R104 


0757-0409 




2 


R: fxd nietflm 274 ohms 1% l/8w 


mo5 


0767-0401 




4 


R: fxd mctflm 100 ohms 1 l/8w 


mo6 


0757-0391 




2 


R: fxd moiXlm 39»2 ohms To l/8w 




0757-0394 




7 


R: fxd mctflm 51, 1 ohms 1^ l/8w . 




0757-0274 




2 


Rr fxd mctflm 1,21k ohms 1% l/Bw 


H 


0757-015B 




2 


R: fxd mctflm 610 ohms l/2w 


R120 








NSR: p/o A 103 


R12I 


0767-0429 




10 


R: fxd metfim 1. 82k ohms 1% l/8w 


R122 


0757-0394 






R; fxd mctflm 51, 1 ohms 1% l/8w 


R123 


0767-0394 






R: fxd mctflnt 51, 1 ohms X?v l/8w 


R124 


0757-0429 






R: fxd mctflm 1, 82k ohms 1*^ l/8w 


R125 


0767-0433 




5 


R; fxd mctflm 3. 32 k ohms 1% l/8w 


R126 


2100-1710 




2 


R: var carbon comp 50k ohms 20% (Includes R210» 5k) 


RI28 


0757-0454 




6 


R: fxd mctflm 33,2k ohms 1'^ l/8w 


R120 


2100-0364 




3 


R: var ww 20k ohms 5^ 1/lOw 


R130 


0757-0429 






R: fxd metfim 1,82k ohms 1^ l/8w 


R13I 


2100-1429 




3 


R: var ww 2k ohms 6% 1/lOw 


R132 


0767-0429 






R: fxd mctflm 1, B2k ohms 1% l/8w 


R133 


0757-0429 






R: fxd mctflm 1, B2k ohms 1^ l/8w 


R134 


0757-0454 






R: fxd mctflm 33, 2k ohms l/8w 


RI35 


0758-0017 




4 


Rr fxd mctflm 1, 5k ohms 5% l/2w 


R136 


0768-0017 

0767-0449 






R: fxd mctflm U 5k ohms 5^ l/2w 


R137 




3 


R: fxd mctflm 20k ohms 1% l/6w 


RI38 


0767-0443 




2 


R; fxd mctflm Ilk ohms 1% 1/Bw 


Rl?9 


0767-0422 


' 


5 


R: fxd mctflm 909 ohms 1% l/6w 


R142 


0767-0407 






R: fxd mctflm 200 ohms 1% l/8w 


R143 


0757-0763 




4 


R fxd mctflm 27, 4k ohms I'i l/4w 


R14S 


0757-0761 




4 


Hi fxd mctflm 22, Ik ohms l*o l/4w 


R146 


0757-0288 




2 


R: fxd mctflm 9,09k ohms l^o l/8w 


’ R147 


0757-0044 






R: fxd mctflm 33,2k ohms 1^ l/4w 


R148 


0757-0761 






R: fxd mctflm 22, Ik ohms 1% l/4w 


R150 


0757-1100 




2 


R: fxd mctflm 600 ohms 1% l/0w 


R151 


0757-1108 




4 


R: fxd mctflm 300 ohms 1% I/8w 


RI52 


0757-1102 




2 


R; fxd mctflm 180 ohms 1% l/8w 


R153 


0757-1104 




2 


Rr fxd metfim 60 ohms l/8w 


R154 


0757-1107 




8 


Rr fxd mctflm 30 ohms I'i l/8w 


R165 


0757-1107 






R: fxd metfim 30 ohms 1% l/8w 


R156 


0757-0458 




4 


Rr fxd mctflm 51, Ik ohms I'c l/8w 


R157 


2100-0820 




2 


Rr var ww 60k ohms 3% 2w 


R158 , 


0663-0475 




1 


Rr fxd mctflm 4, 7 ohms l*fj l/4w j 


R169 


0757-0449 




4 


Rr fxd mctflm 20k ohms 1% l/8w 


R161 


0757-0401 






Rr fxd mctflm 100 ohms 1^ l/8w 


R162 

f 


0757-0280 

1 




11 

p 


Rr fxd metfim Ik ohms 1% l/8w 



I 
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Model 1410A 






hp Pari No. 



07B7-0416 

0767-0394 

0757-0843 

0767-0442 

0757-0283 

0757-0280 

0767-0843 

0757-0410 

0767-0410 

0767-0430 

0767-0451 

0757-0280 

0767-0410 

0767-0428 

0757-0416 

0767-0417 

0757-0283 

0757-0442 

0767-0442 

2100-0755 

0767-0422 

0767-0280 

0767-0435 

0757-0341 

2100-0944 

0757-0178 



0757-0442 

2100-0944 

0757-0280 

0757-0190 

0757-0416 

0757-D416 

0757-0416 

0757-0442 

2100-2115 

2100-1715 

0757-0464 

2100-1777 

0757-0464 



0757-0405 

0757-0438 

0757-1094 

0757-1107 

0757-1095 

0757-1107 

0757-1096 

0757-1103 

0757-1097 

0757-0284 

0757-1098 

0757-1108 

0757-1101 

0757-1099 



Table 6-2. Replaceable Parts (CoiUM) 



noHcrlpUoit 
(See Table O-l.) 



R: fxd meUlm 511 ohms iTj l/8w 
Rr fxd moinin 51. 1 ohms 1% l/8w 
R: fxd metflm 1 5k ohn>s 1% l/2w 
R: fxd meUlnt 10k ohms 1/Bw 
Rr fxd metflm 2k ohms 1% l/8w 

R: fxd metflm !k ohms 1^ l/8w 
R: fxd metflm 16k ohms iTi l/8w 
Rr fxd metflm 301 ohms 1% l/8w 
Rr fxd metflm 301 ohms 1^ l/8w 
R: fxd metflm 2.21k ohms Tij l/8w 

R: fxd metflm 24. 3k ohms l/8w 
Rr fxd metflm Ik ohm 1% l/8w 
Rr fxd metflm 681 ohms 1*^ l/8w 
R: fxd metflm 1.62k ohms l^j l/8w 

Rr fxd metflm 475 ohms X% l/8w 
R: fxd metflm 602 ohms 1*^ l/8w 
Rr fxd metflm 2k ohms l/8w 
Rr fxd metflm lOk ohms l/8w 
Rr fxd metflm lOk ohms l/8w 

R; var ww Ik ohm 5^ 

Rr fxd metflm 909 ohms l^J l/8w 
Rr fxd metflm Ik ohm 1% l/8w 
R: fxd metfUn 3. 02k ohms 1^ l/8w 

Rr fxd metflm 30. Ik ohms 1% l/4w 
Rr var metflm 200k ohms 5^ 

Rr fxd metflm 100 ohms l/8w 



Rr fxd metflm lOk ohms 1% l/8w 
Rr var metflm 200k ohms 6'?> 

R: fxd metflm Ik ohm 1^ l/8w 



fxd metflm 20k ohms To 1/2 w 

fxd metflm 511 ohms 1?; l/8w 

fxd metflm 511 dims l/S»v 

fxd metflm 611 ohms \% l/8w 

fxd metflm lOk ohms 1% l/8w 

(factory selected value. 10k Is typical) 

var carbon comp 6k ohms l/2w w/swltch 

var comp 2k ohms 20^1* l/2vv 

fxd metflm 90.9k ohms 1% l/8w 

var ww 20k ohms 10^5 l/2w 

fxd metflm 90. 9k ohms l/8w 



R: 
R; 
6 R; 
1 R: 
R; 



Rr fxd metflm 162 ohms 1% l/8w 
NSR: p/o R126 

Rr fxd metflm 6, Ilk ohms l^ l/8w 
Rr fxd metflm 1. 47k ohms I'J l/Bw 
R: fxd metflm 30 ohms 1% l/8w 

R: fxd metflm 1.44k ohms 1% l/8w 
R: fxd metflm 30 ohms l^o l/8w 
R: fxd metflm 1.36k ohms 1% l/8w 
Rr fxd metflm 00 ohms 1% l/8w 
R: fxd metflm 1.2k ohms l‘J l/8w 

R; fxd metflm 150 ohms 1% l/8w 
R; fxd metflm 945 ohms 1*^ l/8w i 
R: fxd metflm 300 ohms 1% l/8w 
R: fxd metflm 360 ohms I'J l/8w 
Rr fxd metflm 900 ohms 1% l/8w 
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lip Part No* 



07B7-0427 

0757-0426 

0757-1093 



0757-0795 

0757-0284 

0757-0409 

0757-0401 

0757-0391 



0757-0394 

0757-0274 

0757-015B 



0757-0429 

0757-0394 

0757-0394 

0757-0429 

0757-0433 

2100-1710 

0757-0454 

2100-0364 

0757-0429 

2100-1429 

0757-0429 

0767-0420 

0757- 0454 

0758- 0017 
0758-0017 
0757-0449 

0757-0443 

0757-0422 



0757-0407 

0757-0763 

0757-0761 

0757-0288 

0757-0044 

0757-0761 

0757-1100 

0757-1108 

0757-1102 

0757-1104 

0757-1107 

0757-1107 

0757-0458 

2100-0820 



III 



Table 6-2* ncplaceable Paris (CoiiPd) 



Case ripl ton 
(SeoTible6-M 



U: fxd motflm 1. 5k ohms l/8w 
R: fxd metfim 1. 6k ohms l/8w 
R; fxd metllm 3k ohms 1 % l/8w 



R: fxd metfim 75 ohms 1'^ l/2w 
R: fxd metfim 160 ohms 1^ l/8w 

R: fxd metfim 274 ohms \% l/8w 
R: fxd metfim 100 ohms 1% l/8w 
R; fxd metfim 39.2 ohms 1 % l/8w 



R: fxd metfim 61. 1 ohms ITj 1/8w 
R: fxd metfim 1.21k ohms 1^ l/8w 
R: fxd motflm 610 ohms l^ l/2w 



NSR; p/o A303 

R: fxd metfim 1. 82k ohms lT» l/8w 
R: fxd metfim 61. 1 ohms l/8w 
R: fxd metfim 61. 1 ohms 1% l/8w 
Rr fxd metfim l. 82k ohms l^ l/8w 

R: fxd metllm 3. 32k ohms 1 % l/8w 

R: var carbon comp BOk ohms 20% (Includes R410, 5k) 

R; fxd metfim 33. 2k ohms 1% l/Bw 
R; var ww 20k ohms 5% Iw 
R: fxd metfim 1. 82k ohms 1% l/8w 
R: var ww 2k ohms 5% Iw 
R: fxd metfim 1. 82k ohms 1% l/8w 

R: fxd metfim 1. 82k ohms 1% l/8w 
R: fxd metfim 33. 2k ohms 1% l/8w ’ 

R; fxd metfim 1. 6k ohms 6% l/2w 
R: fxd metfim L5k ohms 5% l/2w 
R: fxd metfim 20k ohms 1% l/8w 

R: fxd metfim Ilk ohms 1% l/8w 
R: fxd metfim 909 ohms 1 % l/8w 



Rt fxd metfim 200 ohms 1% l/8w 
R: fxd meUlm 27. 4k ohms 1% l/4w 

R: fxd metfim 22. Ik ohms 1% l/4w 
Rr fxd metfim 9. 09k ohms 1% l/8w 
R: fxd metfim 33.2k ohms 1% l/4w 
Rr fxd metfim 22. Ik ohms 1 % l/4w 

R: fxd metfim 600 ohms 1% l/8w 
R: fxd metllm 300 ohms 1% l/8w 
R: fxd metllm 180 ohms 1% l/8w 
R: fxd metfim 60 ohms 1% l/8w 
R: fxd metfim 30 ohms 1% l/8w 

R: fxd metfim 30 ohms 1% l/8w 
R: fxd metfim 51. Ik ohms 1% l/8w , 
R: var ww 60k ohms 3% 2w 
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McxJel HlOA 



Ref 

Dcslt; 


hp Part No. 


R370 

R371 


0757-0410 

0767-0410 




0757-0430 

0757-0451 


R374 


0757-0280 


R375 

R376 


0757-0419 

0757-0428 


R378 

R379 

R380 

R381 

R382 


0767-0416 

0757-0417 

0757-0283 

0767-0442 

0767-0442 


R383 

R384 


2100-0755 

0757-0422 


R386 


0757-0435 


R388 

R389 

R390 


0767-0341 

2100-0944 

0767-0178 


R393 

R394 

R395 

R396 

R397 

R398 

R399 

R40O 

R401 


0757-0442 

2100-0944 

0757-0280 

0757-0283 

0757-0190 

0757-0416 

0757-0416 

0767-0416 

0757-044 


R402 

R403 

R404 

R405 

R406 


2100-2115 

2100-1715 

0757-0464 

2100-0364 

0757-0464 


R409 

R410 

R411 

R412 

R413 


0757-0405 

0757-0438 

0757-1094 

0757-1107 


>R414 

R415 

R416 

R417 

R41B 


0757-1095 

0757-1107 

0757-1096 

0757-1103 

0757-1097 


R419 

R420 

R421 

R422 

R423 


0757-0284 

0757-1098 

0757-1108 

0757-1101 

0757-1099 


R424 

R425 

R426 


0757-0427 

0757-0427 

0757-1093 



Tiiblo 6-2» Ropliiceub!^ Paris (OmPd) 

" Dose rip t Ion 

(Soo Tul)lo 6-U 



R: fxd’mctritn 301 ohms l*o l/8w 
R: fxd meUIrn 301 ohms 1% l/8w 
Ri M meinm 2* 21k ohms 1% l/8w 
R: fxd mclRm 24* 3k ohms 1% l/8w 
R: fxd moUlm Ik ohm 1% l/8w 

R; fxd me If I m 681 ohms \% 1/Gw 
R: fxd mctftrn I* 62k olims iTn l/8w 

R: fxd mctflm 475 ohms Tn l/8w 
R; fxd metflm 562 ohms TTi 1/Bw 
R: fxd melUm 2k ohms 1^ l/8w 
R; fxd metflm lOk ohms 1% l/8w 
R: fxd metflm 10k ohms Tr’ l/8w 

R: var ww Ik ohm 

R: fxd metflm 000 ohms i% l/8w 

Rr fxd mctflm 3,02k ohms TI) l/8w 

Rr fxd mctflm 30, Ik ohms Tfi l/4w 
R: var metflm 200k ohms 20'7; 

R: fxd metflm 100 ohms 1% l/8w 



: fxd nietflm 10k ohms 1^7 l/8w 
var metflm 200k ohms 20% 

: fxd mctflm Ik ohm, 1% l/8w 
: fxd mctflm 2k ohms 1% l/8w 
: fxd metflm 20k ohms 1% l/2w 
: fxd metflm 611 ohms 1% l/8w 
; fxd mctflm 511 ohms 1% l/8w 
: fxd metflm 511 ohms 1% l/8w 
: fxd metflm 10k ohms 1% l/8w 
(factory selected value, 10k Is typical 
: var carbon comp Bk ohms l/2w w/swltch 
: var comp 2k ohms 20% l/2w 
: fxd metflm OO, 9k ohms 1% l/8w 
: var ww 20k ohms 5% Iw 
; fxd metflm 90,0k ohms 1% l/8w 



R: fxd mctflm 162 ohms 1% l/8w 
NSR: p/o R326 

R: fxd mctflm 5, Ilk ohms 1% l/8w 
R: fxd metflm 1* 47k ohms 1% l/8w 
R: fxd metflm 30 ohms 1% l/8w 

R: fxd mctflm 1* 44k ohms 1% l/8w 
Rr fxd metflm 30 ohms 1% l/8w 
Rr fxd mctflm 1. 36k ohms 1% l/8w 
R: fxd mctflm 00 ohms 1% l/8w 
Rj/fxd metflm 1.2k ohms 1% l/8w 

R: fxd mctflm 150 ohms 1% l/8w 
R: fxd metflm 945 ohms 1% 1/8 w 
R: fxd mctflm 300 ohms 1% l/8w 
R: fxd metflm 360 ohms 1% l/8w 
R: fxd metflm 900 ohms 1% l/8w 

R: fxd metflm 1* 5k ohms 1% l/8w 
R: fxd metflm I* 6k ohms 1% l/8w 
R: fxd mctflm 3k ohms 1% l/8w 
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Table 6-2, Replaceable Parts (Cont’d) 

Description 
(See Table 6- 1. ) 



Mir Part No. 



0767-0440 

0767-0440 

0757-0421 

0767-0200 

0767-0438 

0757-0410 

0767-0762 

0767-0445 

0767-0433 

0767-0433 

0757-0445 

0767-0762 

0757-0444 

0757-0444 



R: fxd metllni 7, 5k ohms 1% l/8w 
R: fxd metllm 7.6k ohms 1% l/8w 
R: fxd mtiflm 825 ohms 1% l/8w 
R: fxd metfim Ik ohm I'o l/Bw 
Rt fxd metllm 5. Ilk ohms 1% l/8w 

Re fxd mctflm 301 <ihms !'?> * 'S‘.v 
Re fxd metfim 24. 3k oht.is iTi 1/4 w 
R: fxd metfim I3k ohms I'S l/8w 
R: fxd metfim 3, 32k ohms I'J l/8w 
Re fxd metllm 3, 32k ohms I'S l/8w 

Re fxd metfim 13k ohms 1% l/8w 
Re fxd mctflm 24. 3k ohms I'ib l/4w 
Re fxd mctflm 12, Ik ohms I*?! I/8w 
RE fxd nctflnj 12. Ik ohms VI l/Bw 



0767-0749 

0767-0749 

0767-0433 

0767-0740 

0757-0740 

0767-0416 

0757-0280 

2100-1716 

0767-0410 



Re fxd mctflm 6. lOk ohEiis 1'6 l/4w 
Re fxd liietflm 6. 19k ohms I'S l/4w 
Re f.xd EnetflEU 3. 32k ohms 1*^ l/8w 
Re fxd mctflm 6. 10k ohms I*?* l/4w 
Re fxd mctflm 6. 19k ohms l^^i l/4w 

Re fxd mctflm 511 ohms I'd l/8w ■ 
Re fxd metllm Ik ohm l'T» l/8w 
Re var ww 6k ohms 5'S l-I/2w 
Re fxd metfim 611 ohms 1'?! l/8w 



0757-0845 

0767-0846 

0767-0461 

0767-0479 

0757-0464 

0757-0442 

2100-1734 

0757-0464 

2100-1717 

0757-0465 

0757-0440 

0757-0150 

0757-0416 



Re fxd Enctflm 18. 2k ohms I'll l/2w 
Re fxd mctflm 18. 2k ohms I*?! l/2w 

Re fxd mctflnE 68. Ik ohms I'd I/8w 
Re fxd metfim 392k ohms I'l l/8w 
Re f.xd mctflm 90, Ok ohms I'e l/8w 
Re fxd metflEn lOk ohms 1'^ l/8w 
Re var carbon comp 20k ohms 10' o l/2w 

Re fxd metfim 00.9k ohnis l^i l/8w 
Re var comp 50k ohms 20'?i l/2w 
Re fxd mctflm lOOk ohms l/8w 
Re fxd Enctflm 7, 5k ohms I'o l/8w 
Re fxd melfbn Ik oIieu I Ij 1/2w 
Re fxd metfliEE 511 ohms I'lj l/8w 



0757-0422 

0757-0281 

0757-0454 

0757-0280 

0767-0280 

0757-0454 

0757-0281 

0757-0458 

0757-0458 

0757-0281 

0757-0281 

0757-0281 



Re fxd mctflm 909 ohms I'l l/8w 
Re fxd Enctflm 2. 74k ohms 1% l/Bw 
Re fxd ntctflm 33,2k ohEns l'^ l/8w 
Re fxd, Enctflm Ik ohm I'o l/Bw 
Re fxd tEEctflm Ik ohm !'?> l/8w 

Re fxd Enetflm 33. 2k ohms l'^) l/8w 
Re fxd ntctflm 2. 74k ohms 1'^ l/8w 
Re fxd Enctflm 51. Ik ohms l/8w 
Re fxd metfim 61. Ik ohms l'^ l/8w 

Re fxd mctflm 2. 74k ohms 1% l/8w 
Re fxd Enctflm 2. 74k ohms 1% l/Bw 
Re fxd mctflm 2. 74k ohms 1% l/8w 
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Section VI 
Table 6-2 



Model MlUA 



Table C-2* Replaceable I>aiis ( Coin’d) 



Ref 

De^ie 


bp Part No^ 




TQ 


Description 
(See Tal)le C- U ) 


Hr 

Hr 

HT 

Hr 


08U-0929 
0767-0*101 
0757-0465 
0767-04 BO 
0757-0447 




1 

1 

1 


R; fxd ww 0, 61 obms 6'T 2w 
R: fxd motflm 100 oluns l/8w 

R: fxd motflm lOOkobms I'r l/Bw 
R: fxd motflm 432k obms Pn l/flw 
R: fxd meUlm 16»2kobms I'v' l/8w 




2100-1429 

0767-0465 

0767-0449 






Rr var ww 2k nluns 67 Iw 

R: fxd motflm lODk obms Vr \/S\: 

R: fxd motflm 20k ohms I'r l/8w 


SI 


01410-66508 




6 


S: sUde> trlt;j^er selector 


5101 

5102 

5103 

1 


3101-0199 

3101-0199 






NSRr p/o A503 
S: slide m>rm, sons 
S: slide slope 




\ 

3101-0199 

3101-0199 






NSR: |>/o A504 
S; (Slide, norm, (sens 
S: slide, slope 


S501 


OHlil-OlOOl 




1 


Sj mode selector 


TlOl 

T102 


01410-66002 

1 


1 


2 


NSR: p/o A103 
T: balun 




01410-06002 






NSR: p/o A303 
Tr balun ' 


T576 


9100-0111 




1 


T: power 


VR103 


1902-0576 




1 1 


VR: avalaiicbe 27 v I'n 


VR105 

vRioe 


1902-0590 

1902-0036 

1 




2 

2 


VR: avalanche 4, 42 v 1 w 67 
VR: avalanche 6, ID v 400 mw 107 


VR305 

VR306 


1002-0590 

1902-0036 






VR; avalanche 4.42 v Iw 57 
VR: av;Uanche 6. 19 v 400 mw 107 


VR501 

VR502 

VR503 


1902-0109 

1902-0199 

1902-3356 




2 

1 


VR: avalanche 10 v 
VR: avalanche 10 v 
VR: avalanche 56,2 v 107 

1 
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Section VI 
Tnbh 0*2 



Tiible 6-2* Uoplnceuble Parts (CoiitM) 



1 Her 

Desii; 


hp Part No. 




TQ 


OesuHpUou 
(See Table G* U ) 








0370-0099 

0370-0134 

0370-0308 

0370-0309 

0370-0310 

0510-0054 

00187-62101 

01410-00101 

01410-00201 

01410-00202 

01410-00203 

01410-04101 

01410-23701 

01410-23702 

01410-23703 

01410-24701 

01410-61601 

01410-61612 

01410-64901 

102 HA 
10216A 
10217A 
1021 BA 
102 19A 

10220A 

1022 lA 

10213-62102 

5020-0457 

5020-0503 

9220-1263 

0220-1264 

0211-1013 

it 

1 


J 


2 

2 

1 

2 

2 

2 

2 

1 

1 

1 

1 

1 

2 

1 

1 

2 

1 

2 

1 

2 

2 

2 

2 

1 

2 

1 

G 

G 

1 

1 

1 

1 


MISCELLANEOUS 

KJio))p mlUivoltK/cm 
Km)b^ vernier 
Kjtoln m«Klo fieloetor 
Kiu)b» Hmootiiint; 

Knob, vert pos 
Grip rint; 

Probe houslnt: assy 
Deck 

Panel, front 

Panel, sub ' 

Panel, rear 

Cover, delay lines 
Rod, lower support 
Riitl, upper rlitbl 
Rail, upper loft 
Pins, i^lde and b)ckin^ 

Cable assy, main 
Cable assy, prolx? 
nandle assy 

ACCESSORIES 

I0;l Divider 
Isolator 

niockini; Capacitor 
DNC Adapter 
OR Aditpter 

Mlcroilot Adapter 
60 ohm T Connector 
Ground Clip 
Probe Tip, , 

Probe Adj Tik) 1 
Tray, upper 
Tray, lower 

Accessory Box, (includes trays) 

1 


' 


1 

t 

j 

, •/ 

f 

. 
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Section VII 
Figures 7-1 and 7-2 



Model 1410A 






Model 1410A 



Section V'll 
P;irut»raphs 7-1 to 7-10 



SECTION VII 

MANUAL CHANGES AND OPTIONS 



7-1. MANUAL CHANGES. 

7-2. This manual applies directly to the .stamlard 
Model 1410A Samptln« Vertical Amplifier liavlin; a 
serlalpreflx743-. The following paragraphs provide 
Instructions for modifying this manual to cover older 
or newer instruments. Refer to the separate "Manual 
Changes" sheet supplied with this manual for Errata. 

7>3. OLDER INSTRUMENTS. 

7-4. Table 7-1 contains Information on clianges re- 
quired to adapt this manual to an older Instrument 
(lower serial prefix number). Check Table 7-1 for 
your Instrument serial prefix and make the changes 
Indicated. Note that these changes adapt the manual 
tocover a particular instrument as manufactured and 
therefore do not apply to an Instrutnent subsequently 
modified In the field. 



Table 7-1. Manu.\l Clianges 



Serials Prefixed 


Make Changes 


730- 


1 and 2 


728- 


1 thru 3 


715- 


1, 3 and 4 


703- 


' 1,3,' 4 and 6 


619- 


1, 3, 4, 5, and6 



7-5. NEWER INSTRUMENTS. 

7-6. As changes are made In the Model 1410A. newer 
Instruments may have serial prefixes higher tlian 743-. 
The nwnual for these newer instruments will be sup- 
plied with a "Manual Changes” sheet which contains 
all necessary updating Information. If the serial pre- 
fix of your particular Instrument is higher tlian the 
one listed at the front of this manual and no "Manual 
Changes" sheet has been provided, contact your near- 
est Hewlett-Packard Sales/Service Office. 

7-7. OPTIONS. 

7-8. Options for an hp Instrument are standard modi- 
fications installed at the factory. At the present time, 
no options are offered for the Model 1410A. 

7-9. SPECIAL INSTRUMENT^. 

7-10. Modified versions (per customer's s|)oclflca- 
tlons) of any hp Instrument are available on special 
order. The manual for these special Instruments (liav- 
Ing electrical modifications) will Include a separate 
Insert sheet that describes the modification and any 
special manual changes In addition to the "Manual 
Changes” sheet (If applicable). Contact the nearest 
hp Sales/Service Office it either of those sheets Is 
missing from the manual of a special instrument. Be 
sure to refer to the Instrument by Its full specification 
name and number. 



CHANGE 1 



Section VI, Replaceable Parts, 

R396: Delete. 

Page8-ll, Figure 8-13, 

R396: Delete and Interchange diodes to be as shown 
In Figure 7-1, 

CHANGE 2 

Section VI, Replaceable Parts, 

R178, R378: Cliango to hp Part No. 0757-0419; 

R; fxd mctflm 681 ohms < l'(i l/8w. 

R179, R379: Clunge ti. hp Part No. 0757-0411; 
R: fxd mctflm 332 ohms t I'ii 1/ttw. 

Page 8-7, Figure 8-8, 

R178: Cliange v.ilue to 681 oinhs. 

R179; Change \r.ilue to 332 ohms. 

Pago 8-11, Figure 8-13, 

R378: Clunge value to 681 ohms. 

R379: Change value to 332 ohms. 

CHANGE 3 

Section VI, Replaceable Parts, 

Add: VRIOI, VR102, VR301, and VR302; ly) Part 
No, 1902-0174: VRavalanche 82. 5v, tlOc, mfr 
hp; TQ4, 

Page 8-5, Figure 8-5, > 

Add: VRlOl, 82, 5v In isirallel with C108. 

Add: VR102, 82. 5v In parallel with C109, 

Page 8-9, Figure 8-11, 

Add: VR301. 82. 5v in parallel with C308, 

Add: CR302, 82. 5v in i«rallel with C309. 

CHANGE 4 

Section VI, Replaceable Parts, 

Q503 and Q504: Cliange to hp Part No. 1854-0022, 

CHANGE 5 

Section V, Adjustment Procetiure, 

Insert the following adjustment procedure lietween 
the Stretcher Gain and Balance Adjustment and 
the Tjj Cal Range Adjustment. 

Sampling Bias Adj. 

a. Set Time Base SCAN DENSITY fully 
ccw, 

b. Connect a fast rise time Pulse Gener- 
ator to Channel A OR ty|)c INPUT. Insert 
probe Into receptacle. Adjust Diode Bias 
Adj (R160) for maximum separation of 
first two dots on left side of display. 
Keep response optimized wlthSMOOTlIING 
ADJUST. 
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Section VII 

Manual Chances ( Cont'd. ) 

Section VI» Replaceable Parts, 

Cl23: Chance description to hp Part No, 0140-0190; 

C: fxd mica 39 pf 5% 300vdcw, 

R135, R136, R335 and R33C: Cliange description to 
hp Part No. 0758-0033; R: f,xdmotnni2kohmsf) () 
I/2w, 

R147 and R347: Clumce description to hp Part No. 

0757-0763; R: fxd nietflm 27.4k ohms 1% l/4w. 
RI59: Changedescrlptlontohp PartNo. 0757-0283; 

R: fxd metfim 2000 ohms 1'^ l/8w. 

Add; R160; hp Part No. 2100-0303; R: var ww lOk 
ohms 5% 1/ lOw. 

Page 8-5, Figure 8-5, 

C123: Change value to 39 pf. 

R135 and R136: Cliange ralue to 2000 ohms. 

R147; Change value to 27.4k ohms. 

R159; Change value to 2000 ohms. ' 

Add: R160; variable lOkpot In series between R159 
and the -12. 6v supply. Connect wiper to top 
end of pot. Label the pot Diode Bias Ad]. 

Page 8-9, Figure 8-11, 

R335 and R336: Change value to 2000 ohms. 

R347: Change value to 27. 4k ohms. 

CHANGE 6 

Section V, Adjustment Procedure, 

Add the following paragraphs: 



Model 1410A 



Trigger Balance Adjustment, 

This adjustment controls the dc level of the 
slgnallxjlngsenttothe time base for Internal 
triggering and should not normally require 
readjustment. However, If components are 
replaced, readjustment may be necessary for 
that channel. Adjust ns follows: 

a. Connect a dc voltmeter to Q102 col- 
lector. 

b. Adjust R114 for Ovdc with no Input. 

c. Clungc mode selector to B and con- 
nect voltmeter to Q302 collector. 

d. Adjust R314 for Ovdc with no input. 

Section VI, Replaceable Parts, 

C580: Delete. 

Add: RU2, R114, R312 and R314; hp Part No, 
0757-0273; R: fxd metfim 3, 01k ohms 1 % l/8w. 

R113 and R313: Change description to hp Part No, 
0757-0407; R: f.xd metfim 200 ohms lT> l/8w. 

Pago 8-10, Figure 8-12, 

C580; Delete. 

Page 8-15, Figure 8-18, 

Add: R112andR312andmake connections as shown 
In Figure 7-2. 

R113 and R313: Change value to 200 ohms. 

Make corresponding circuit connections to B chan- 
nel. 




> 



. 7-2 



02596-2 



Model HlOA 



Section VKI 
PfmiKrnphB 8-1 to 8-15 



SECTION VIII 
SCHEMATICS AND TROUBLESHOOTING 



8-10. REPLACING REED RELAY. 



8-1. INTRODUCTION. 

6-2. This section contains schematic diagrams, in- 
formation regarding repair and replacement, compo- 
nent identification, and troublcshootihg tips. Table O-l 
provides general schematic notes, defining tlie sym- , 
hots and conventions used in ttic schematics^ 

8-3. COMPONENT IDENTIFICATION. 

B-4. Component^ located on'btched circuit hoards are 
identified in photos adjacent to Uic applicnhlc schematic 
e.xcept for Channel B preamplifier and stretcher com- 
ponents. These components are identified in the same 
figure as their corresponding Channel A components. 
Components located on the chassis are Identified in 
Figures 8-0 and 8-10. Adjustment locations are sliown 
in Figure 8-2. 

8-5. REPAIR AND REPLACEMENT. 

8-6. Most all electrical components are accessible 
for repheement from the component sideoftlic etched 
circuit board. Sccticn VI provides a detailed parts 
list to allow ordcrlngof replacement parts. Mechani- 
cal and miscellaneous parts arc listed at die end of the 
table. If Stitisfactory repair or operation cannot he 
accomplished, contact the nearest Hewlett-Packard 
Saleo/Sorvlce Office (addresses at rear of this manual). 
Ifshipmcnt for repair is recommended, sceSoctionll 
for recommended repackaging Information. 

e-7. SERVICING ETCHED CIRCUIT BOARDS. 



8-11. The reed relay consists of two separately re- 
placeable parts, the coll and Ujo reed. To replace 
the reed: 

n. tiiisolder l)oth reetl leads from the circuit lK)ard. 

b. Bond one end of one lead so it can he removed 
from the opposite end of the coll. 

ronnrvrrrvvvj 

fCAUTtONj 

muuuuuuuulaj 

Hold tlie lead of Uie reed wltli lonj;- 
nosed pliers when bending tlic load* 

Bond duly ,lhe flcMlble lead to avoid 
cracking glaaa capsule* 

c* Remove the reed, 

d* Insert the now reec! througli coll* 

e* Using lv:5ng-noscdpllcrs» l)ond the reed Icad.s to 
fit into t)ic circuit holes* 

f* Solder reed leads Into place* 

8-12* To ropUicc a coll: 

a* Remove tlio rood according to the above pro- 
cedure* 

b* Unsolder and remove Uie colU 

c* Repheo and resolder the coll* 

d. Replace the reed* 



8-8* The Model 1410Ahas etched circuit boards which 
are plated-th rough type* When servicing this type of 
boards components may be removed or replaced from 
either side of the board* When rcplaclrjg large com- 
ponents^ suchaspotentlomoters^ rotate tlic soldering 
Iron tip from lead to load while applying pressure to 
,‘Uie part to lift it fibm the boatxl* HP Service Note 
M-20D contali^^ additional information on tlic repair of 
elthed circuit boards^ however^ the Important consld- 
i,eritlons are as follows: 

a* Do not apply excessive heat* 



V, ^b* Apply heat to component lead and remove 
i ilead witl^ a straight pull from the board* 

’ 'I ^’1 ■ K 

/ i < 'c* ujj;e h toothpick orw(X)den splinter clean holes* 

il l d* Do force leads of replacement component 

< 'itjto HbleslVi , ' [ h 

I '8^9. i lf'iye|vliatedmetal surface (coiutuctor) lifts from 
V^rd.U aquick-clrying 

acetate hd^e coment (use sparingly) having good in- 
' sulatln^ properties . '' An alternate meL‘'.od of repair is 
to solder a good cdiidbcting wire along the damaged 



area* 

■j , < 

A I 

'J; \ ‘I 
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8-13. TROUBLESHOOTING. 

8-14, The first and nuist important prerequisite for 
successful troubleshooting is m imdcrstandirtg of how 
the instrument is designed to operate and correct usage 
of front panel controls. Oftentimes, suspected mal- 
functions are simply caused by improper control. settings 
or circuit hook-ups such ast low Intensity, maladjusted 
liorizoiital trigger level or mcxlc, mode sclect«)r in 
wrong position, etc. Section III (Operation), including 
c.xi)lnnation of controls and connectors and general 
operating consideration, and .Section IV (PrlnclpUvs 
of Operation) which e.xptains circuit theory, are In- 
tended to satisfy tills Itiformation requirement. < 

8-15. The following paragraphs outline procedures for 
locating and clearing problems in the Model 1410A. 
DC Voltage^ are indicated on tlio schematics for most 
active components (transistors, FET's, etc). Typical 
waveform testpoints (VwHh a number enclosed) are 
also placcdonthe schematics at variais points along 
main signal paths. The numbers inside the test point 
symbols are keyed to a corresponding waveform ad- 
jacent to the schematic. Those voltages and wave- 
forms provide an invaluable aid wlicn troubleshooting 
the instrument. Applications iticiude; chocking gain 
ofapartlcularslagc, locating a differential amplifier 
unbalance, or pin pointing a faulty transistor, etc. 



8-1 



Section Vin 

Pctragraphs 6-16 to 8-26 



I 
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When using these voltages nnd/or waveforms for 
troubleshooting, always refer to tlic specific conditions 
outlined for the measurements, also listed adjacent 
to the schematics. 

0rl6. If troiablc is suspected, first perform a visual 
inspection of the instrument. Look for loose or burned 
components that might suggest a source of trouble. 
If no obvious trouble is found, chock the power supply 
voltages in the oscilloscope main chassis. Refer to 
the oscilloscope manual for specific voltages and tol- 
erances. Also check tlic i62. Svoltand +12.6 volt 
supplies in the Model 141 OA. If all voltages arc cor- 
rect, then refer to the following paragraphs for your 
indicated trouble. 

8-17. PROBE TROUBLE. Poor rlsctime, excessive 
noise, signal breakup, distortion or trace shifting (in 
one channel) is usually caused by a faulty probe assem- 
bljv To locate ihe trouble, first ascertoln Ojat the 
alternate channel is operating properly by observing 
a known signal. If the presentation is valid, tljcn re- 
place the suspected probe board witli tlic good probe 
board from the alternate channel. Observe a known 
signal on the faulty channel. If the problem is cor- 
rected, replace the appropriate probe board assembly. 
If the problem persists, check tlic probe cable for 
shorts, opens, etc. If the cable checks good, trouble 
is most likely in the ac amplif ie r or stretcher circuitry 
for that channel. 

8-18. The diodes on the probe assembly areseparately 
replaceable. This Is a delicate operation, but can be 
accomplished with a small, low voltage soldering iron 
and extreme caution. Be sure to use a heat sink when 
removing and replacing the diodes. If it is not desir- 
able to replace the dlode(s) in the field, tiie entire 
board assembly can be ordered. 

8-19. If the trouble exists inboth channels, check the 
sampling diode bias adjustments (Frequency Adj, 
andBiasCenteringAdj), and the pulse generator cir- 
cuits. 

8-20. NO VERTICAL DISPLAY, EITHER CHANNEL. 
Trouble of this nature is most likely caused by some 
function that'is common to both channels; such ns the 
pulse generator, switching multivibrator or main ver- 
tical amplifier. First check to sec that tlic positive 
sampling trigger from the horizontal plug-in is present 
at the base of QUO. This pulse initiates tlic entire 
vertical sampling, process and if tiic time b.isc has 
malfunctioned, the vertical system may also be in- 
operative. If this pulse is present, proceed to check 
the pulse generator, etc. , using tlic tyjiical waveforms 
and dc voltages. 



8-21. NO DIS PLAY, ONE CHANNEL. First determine 
tliat tiic probenssembiyisgood (sec Paragraph 6-17). 
Next apply a square wave from a pulse generator, as 
outlined in tiic Conditions for Typical Waveforms, to 
the defective channel, and monitor signal tiiru each 
successive stage until tlic malfunction is found. Also 
check tlic switching multivibrator and switching diodes. 

8-22. LOW AMPLIFIER GAIN. Whenever over-all 
amplifier gain is too low to i» properly adjusted witti 
the CAL ADJ or VERT CAL controLs, tlie typical 
waveforms can bo used to trace tlio problem. By 
checking tlic relative gain of each stage, tlic faulty 
stage can usually be found. Also chock for a faulty 
attenuator switch. 

8* 23. TRACE OFF SCREEN. Change mode switch 
and connect inputsignal totlicopposltc channel. If (lie 
problem still exists, tiicn iiic trouble is most likely 
an unbalanced condition in tiic main vertical amplifier. 
Tlie stage that is unbalanced can bo identified by 
shorting together like elements in botli halves of a 
stage (omittcr-to-omitter, etc,). The stage that 
causes tlie trace to return on-screen, wlien common 
elements are shorted, is tlie one witli tlic faulty com- 
ponent. DC voltages and/or resistance readings can 
be used now to positively identify tlie faulty part. 

8-24. MODE SWITCHING. If Uio proper mode of 
operation cannot be obtained, first check tlic switching 
diodes CR601 through CR508 and CR510 tlirough CR512. 

If tlicsc diodes are goo<!, tlicn check tlic switching 
muttlvibratorQ5I3and Q514 and associated circuitry. 

If the problem arises only in tlie A & D mode, check 
trigger amplifier Q516 and its input, tlic stretcher 
pulse from Qlll. 

8-25. TROUBLESHOOTING THE STRETCHER LOOP. 
Problems such ns low gain, distortion, etc. , will 
usually be caused by cither tlic sampler assembly or 
tlie stretcher circuitry. If Uio stretcher circuit is 
suspected, first check to sec tiiat tlie stretcher pulse 
at Q125 (Q325 for channel B) collector is prc.scnt. 
Pulse should be approximately 0, 3 pscc wide, 

8-26. Obtaining iiieaningful waveforms Intliestrctehor 
circuitry 1» e.xtrcmely difficult. To effectively troubte- 
shootthc stretcher, set up the dc voltage conditions 
ns outlined in Figure 8-8 and check voltages as in- 
dicated on tlie schematic. Voltages are not listed on 
tlie channel B schcinatics, however, conditions and 
voltages are tlie same as shown for channel A. DC 
voltages may vary' sliglitly from one instrument to 
ni otlier and variations of up to l5'o are pormissibie. 
All voltages are referenced to ground. 



I 



8-2 



02596-2 




Model 1 410 A 



Section VIII 
Table 8-1 and Flyyre 8-1 



Table 8-1, Symbols. 



Unless otherwise Indicated; 
capacitance in picofarads 
inductance in microhenries 
resistance in ohms 



Refer to MIL-STD-15-1 for schematic symtxdsnot listed in this table. 

V 



c Waveform test point 
(with number) 






r 1 

I j 



Etched circuit bainl 
Front panel marking 
Rear panel marking 



Front panel control 




Field BRoct Trartslstor 
(N channel) 

Avalanche (zenet^ diode 



= Tunnel diode 

= Step recovery diode 
Numbers In parentheses indicate wire color using 



CW 
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Figure 8-1. Detailed Block Diagram 
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DC VOLTAGE MEASUREMENT CONDITIONS 



a. Set Model 1410 A controls as follows: 

MILLIVOLTS/CM (both channels). . . 200 

TRICGER A 

NORM-SMOOTHED (boU» channels) , NORM 

Polarity (Ixith channels) . > '•■UP 

VERT POS .... (boUi channels) midrange 
VERNIER. .... (both channels). . . CAL 
SMOOTHING ADJ .' midrange 

b. Connect Junction of R130 and R156 to ground. 

c. Locate R180 on both thcschcmatic and circuit 



board (refer to Figures 8-7 and 8-8). Unsolder the 
end of RIBO tJiat Is common to R107 (20k)^ R105 (Ik) 
and Uie MILLIVOLTS/CM switch (end of R180 closest 
to rear of instrument). Connect this loose end of the 
resistor to ground. This connects the bases of Q117 
and Q118 to ground Uirougli 2k ohms. 

d. Connect tlie gate of Q120 (see Figures 8-7 
and 8-8) to ground. 

e. DC voltages will vary slightly from one instru- 
ment to another. Normal variations of up to 16% are 
permissible, AH voltages are referenced to ground. 



CONDITIONS FOR TEST POINT WAVEFORMS 



a. Set Model 1410A controls as follows: 

MILLIVOLTS/CM . (l»th channels) ... 20 

VERNIER (both channels) , . CAL 

Mode A 

NORM-SMOOTHED (both channels) . NORM 

Polarity fUP 

TRIGGER . A 

SMOOTHING AD.TUST optimized 

b. Set sampling time base controls as follows: 

MAIN TIME/CM 100 nSEC/CM 

Trigger Level nm clockwise 

Trigger Mode max clockwise 

TRIGGER HOLD-OFF .... .. NORMAL 
Trigger Source , . . , EXT 



Trigger SLOPE . 
SCANNING . . , 



NORMAL 



c. Using a variablepulsegeneratorsuch ns the 
hp Model 222A, apply a positive 0.2 volt pk-pksquarc 
wave to AINPUT, Setfrequeneyfor 1 kHz. Use tlio 
trigger oulputof Uiepulsegeneratortoexternally sync 
' U)C time b.ise. Insert channel A probe into its holder. 



d, Waveforms were photographed using an hp 
Model I80A Oscilloscope, Model IBOIA Dual Channel 
Vertical Amplifier, Model 182IA Time Base and De- 
lay Generator andaModcl ]97AOscitloscopc Camera. 

e. The relative gain of stages may vary sligtitly 
from that shown in waveforms, depending on the exact 
setting of SMOOTHING ADJUST. 
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Figures 6-6 and 8-7 
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Figure 8-7. Component Identification. Stretcher and Amplifier (A105) 
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Conditions for voltage and waveform measurements are 
listed adjacent to Figure 8-5. 
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Refer to Channel A PrenmpUner schematic (Figure 8-5) for 
dc vollBKCS, waveforms^ and conditions for measurements. 



Channel B Preamplifier components are Identified In Figure 8-1. 
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Section Vin 
Figure 0-12 
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Section VIU 
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Refer to Channel A Stretcher schematic (Figure 8-8) for dc 
vjitsgcs and waveforms. 



Conditions for measurements arc given adjacent to Figure 8-5. 



Channel B Stretcher and Amplifier components arc identified 
in Figure 8-7. 
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Figure 8-14. Component Identification, Main Vertical Amplifier (A501) 
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FiKut’C 8-15, Main Vertical Amplifier 
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Refer to Figure 8-14 for 
component identification. 




Figure 8-16, + 12, 6 V Power Supply, 
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Figures 8-17 and 8-18 
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Figure 8-17. Component Identification, Sync Take-off Assemblies (A102 and A302) 
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^ MANUAL CHANGES 

MODEL1410A 

SAMPLING VERTICAL AMPLIFIER 

Manual Serials Prefixed: 743- 
Manual Printed; MAY 1868 



Make all changes listed below as Errata. Check the following table for your Instrument serial prefix and/or serial number 
and make listed change(s) to the manual: 



Serial Prefix or Number 



Make Changes 



Serial Prefix or Number 



Make Changes 



904- 


1 


1210A 


t.2 





ERRATA 



Throughout this manual, measurements and adjustments are often made to derive indications 
of value per centimeter of display. When this unit Is used with an oscilloscope where the 
divisions on the CRT are In other than centimeters, selections are per CRT division. 

In certain places throughout this manual, a 10-cent|meter vertical display Is specified for some 
adjustments. When using this plug-in with oscilloscopes having CRT grid heights less than 10 
divisions, select a reduced vertical sensitivity to derive the full display specified. 

Table 6-2, / 

C123: Change to HP Part No. 0160-0182; 1;C: fxd mica 47 pf B% SOO vdew. 

Add: L109: HP Part No. 9170-0016; 1;L: , bead. ; ■ 

Table7-1, 

Change Serials Prefixed 619- to 616-. i' . . 

Page 8-5, Figure 8-5, ■ ' , , ! 

Add L109 Ip series between C123 and the junctipn of L108 and CR 110. 

Page 8-15, Figure 8-18, /' 

Delete connection from C104 to R1 13 (shorts R1 1 1 as drawn). 

Delete Connection from C304 to R313 (shorts R31 1 as drawn). 



CHANGE 1 



Table 6-2, , ') / 

/R202, R402: Change to HP Part No, 2100-2823; R: var 50k ohms lOcc log w/detent. 
/ R203, R403; Change to HP Part No! 2100-2488; R: var comp 10kohms±20%, 
Delete: R201, R401. i 

J MISCELLANEOUS: Cable assy, malp, HP Part No. 01410-61601; change to HP Part 
,/ ' -No. 01410-61616. ;■ , ' 

;■ .figure 8-8 and 8-13, h ' •' 

/, Change schematic. See Fi^re 1.' ■ 



A CHANGE 2 



Table 6-2, Page 6-13, , ' ' 

MISCELLANEOUS: frobe housing assy, HP Part No. 00187-62101; Change to HP Part No. 

00187-62102. ; / 

MISCELLANEOUS: 'Cable assy; probe, HP Part No. 01410-61612; Change to HP Part No. 01410-61617 



13 June 1972 , j ' | . ' 

A B^ LateiK additions to this change sheet. j ■’ 

This chah^ s^eet supersedes all prior change sheets for this manual. 



Supplement A for 
01410-90902 
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